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COMMUNICATION SYSTEM, STATION-SIDE
COMMUNICATION DEVICE, USER-SIDE
COMMUNICATION DEVICE,
COMMUNICATION METHOD, AND
CONTROL DEVICE

FIELD

The present invention relates to a communication system in
which a plurality of terminals are connected by a common
line, and a communication method, and relates to, for
example, a PON (Passive Optical Network) system consti-
tuted by an OLT (Optical Line Terminal: station-side com-
munication device) and a plurality of ONUSs (Optical Net-
work Unit: user-side communication device).

BACKGROUND

In a PON system, communication i1s performed while
achieving synchronization between the OLT and the ONU so
that pieces of uplink data transmitted from the ONUs do not
collide with each other. The OLT plans to grant a transmission
permission to each ONU so that the pieces of uplink data do
not collide with each other. At this time, the OLT considers
delay due to a distance between respective ONUs. Therelore,
the OLT performs measurement of a roundtrip time between
respective ONUs and keep-alive communication. However,
there are tluctuations 1n a transmission line such as jitter and
wander 1n transier by an optical fiber, and thus measurement
needs to be performed cyclically.

Meanwhile, data communication 1s not performed con-
stantly. For example, data communication 1s not performed at
all during the night. However, measurement of the roundtrip
time and transmission and reception of a keep-alive signal are
performed cyclically regardless of the presence of data com-
munication. It 1s a waste of power to maintain the ONU 1n a
transmissible state at all times for measurement of the
roundtrip time, even 11 data communication 1s not performed.
Accordingly, a technique for causing the ONU to shiit to a
power saving state intermittently by requesting a shiit to the
power saving state from the ONU has been studied.

Furthermore, conventionally, there 1s a PON system in
which an OLT generates a power-supply control signal of an
ONU that does not require communication to control a power
supply of a transmission circuit and a reception circuit of the
ONU (Patent Literature 1). In this PON system, because the
OLT remotely controls on/off of the power supply of the
ONU, power consumption of the entire system can be
reduced.

CITATION LIST
Patent Literature

Patent Literature 1: Japanese Patent Application Laid-open
No. H7-154369

SUMMARY
Technical Problem

In the PON system described in Patent Literature 1, there 1s
no description of a power saving period of an ONU. However,
a communication service provided to a terminal device such
as the ONU has various requirements. For example, 1f a power
saving period 1s provided, a period during which a terminal
device cannot respond becomes long, thereby increasing a
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2

delay time. If a priority 1s given to low latency, a transmitter-
receiver cannot be halted, and thus power consumption can-
not be reduced.

Solution to Problem

There 1s provided a communication system comprising a
station-side communication device (hereinafter, OLT) and a
user-side commumnication device (heremnafter, ONU), in
which the ONU communicates with the OLT via a user-side
transmitter and a user-side recerver connected to a communi-
cation line, wherein the OLT includes an OLT control unit that
generates a control signal for controlling a power saving
operation of the ONU by specitying a different i1dle period
with respect to a first power saving operation in which an
optical recerver 1s operated while an optical transmitter of the
ONU 1s controlled to a power saving state and a second power
saving operation i which the user-side transmitter and the
user-side recerver are controlled to a power saving state, and
a station-side transmitter that transmaits the control signal
generated by the OLT control unit to the ONU, and the ONU
includes an ONU control unit that receives the control signal
via the user-side receiver to selectively perform the first
power saving operation and the second power saving opera-
tion based on the 1dle period specified by the control signal.

There 1s provided a station-side communication device
connected to a user-side communication device via a com-
munication line, the station-side communication device com-
prising: a control unit that generates a control signal for
controlling an operation of the user-side communication
device 1 a power saving mode in which a transmitter or a
receiver of the user-side communication device 1s 1ntermit-
tently halted, so that the user-side communication device can
change over a plurality of 1dle periods with respect to the
power saving mode; and a transmitter that transmits the con-
trol signal generated by the control unit to the user-side com-
munication device.

There 1s provided a user-side communication device that
communicates with a station-side commumnication device
based on a control signal transmitted from the station-side
communication device, the user-side communication device
comprising: a recerver that receives a control signal related to
a power saving operation from the station-side communica-
tion device, and can shift to a power saving state where power
consumption 1s reduced by halting a part or all of a receiving
function; a transmitter that transmits a transmission signal to
the station-side communication device and can shift to a
power saving state where power consumption 1s reduced by
halting a part or all of a transmitting function; and a control
unit that selects a power saving period to be used from a
plurality of power saving periods based on the control signal
received by the receiver, and controls the receiwver or the
transmitter to the power saving state based on the selected
power saving period.

There 1s provided a communication method used 1n a com-
munication system including a station-side communication
device (heremafter, OLT) and a user-side communication
device (hereimnatter, ONU), 1n which the OLT controls a first
power saving operation of the ONU and a second power
saving operation different from the first power saving opera-
tion, the communication method comprising: a step at which
the OLT transmits a first power saving period related to the
first power saving operation of the ONU and a second power
saving period related to the second power saving operation to
the ONU; a step at which the ONU recerves the control signal
transmitted from the OLT; a step at which the ONU deter-
mines whether to perform a power saving operation; and a
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step at which the ONU performs the first power saving opera-
tion 1n the first power saving period, and the second power
saving operation 1n the second power saving period, depend-
ing on the determination result.

There 1s provided a control device of a station-side com-
munication device connected to a user-side communication
device (hereinafter, ONU) including a receiver that can shiit
to a power saving state where power consumption is reduced
by halting a part or all of a recerving function, and a trans-
mitter that can shift to a power saving state where power
consumption 1s reduced by halting a part or all of a transmiut-
ting function, via a line to control an operation of the ONU,
wherein the control device generates a control signal for
controlling the operation of the ONU 1n a power saving mode
in which the transmitter or the receiver of the ONU 1is 1nter-
mittently halted, so that the ONU can change over a plurality
of 1dle periods with respect to the power saving mode.

There 1s provided a control device provided 1n a user-side
communication device including a recerver that receives a
control signal related to a power saving operation from a
station-side communication device and can shiit to a power
saving state where power consumption 1s reduced by halting
a part or all of a receiving function, and a transmitter that
transmits a transmission signal to the station-side communi-
cation device and can shift to a power saving state where
power consumption 1s reduced by halting a part or all of a
transmitting function, wherein the control device selects a
power saving period to be used from a plurality of power
saving periods based on the control signal recerved by the
recetver, and controls the receiver or the transmitter to the
power saving state based on the selected power saving period.

Advantageous Effects of Invention

The communication system, the station-side communica-
tion device, the user-side communication device, the commu-
nication method, and the control device according to the
present invention can suppress power consumption by setting,
a plurality of power saving periods.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 1s a configuration example of a communication
system according to an embodiment of the present invention.

FIG. 2 1s a sequence diagram depicting a communication
method according to a first embodiment of the present inven-
tion.

FI1G. 3 1s a sequence diagram depicting configuration con-
trol and sleep control according to the first embodiment of the
present invention.

FI1G. 4 1s a sequence diagram depicting the communication
method according to the first embodiment of the present
invention 1n a power saving mode.

FIG. 5 depicts a relation between an acceptable delay time
of downlink data and an average power consumption of an
ONU 1n the first embodiment of the present invention.

FIG. 6 depicts a relation between an intermittent operation
in a power saving mode and an average power consumption of
an ONU 1n the first embodiment of the present invention.

FIG. 7 1s a sequence diagram depicting a power saving,
protocol according to the first embodiment of the present
invention.

FI1G. 8 1s a sequence diagram depicting another example of
the power saving protocol according to the first embodiment
of the present invention.
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FIG. 9 1s a flowchart of a configuration process and the like
of a control device according to a second embodiment of the

present 1nvention.

FIG. 10 1s a flowchart of power saving mode control and the
like of the control device according to the second embodi-
ment of the present invention.

FIG. 11 1s a flowchart of a power saving mode request and
the like of the control device according to the second embodi-
ment of the present invention.

FIG. 12 1s a table representing data of ONUSs and services
in the second embodiment of the present invention.

FIG. 13 15 a table representing data of services and a pro-
hibited power saving mode 1n the second embodiment of the
present invention.

FIG. 14 15 a table representing data of services and a pro-
hibited power saving mode 1n the second embodiment of the
present 1nvention.

FIG. 15 15 a table representing data of services and a sleep
period 1n the second embodiment of the present invention.

FIG. 16 1s a table representing data of services and a maxi-
mum sleep period in the second embodiment of the present
ivention.

FIG. 17 1s a sequence diagram depicting a power saving,
protocol according to a third embodiment of the present
invention.

FIG. 18 15 a sequence diagram depicting the power saving
protocol according to the third embodiment of the present
invention.

FIG. 19 15 a sequence diagram depicting the power saving,
protocol according to the third embodiment of the present
invention.

FI1G. 20 1s a lowchart of power saving mode control and the
like 1n a transmission process of the control device according
to the third embodiment of the present invention.

FIG. 21 1s a lowchart of power saving mode control and the
like 1n a reception process of the control device according to
the third embodiment of the present invention.

FIG. 22 depicts a communication sequence 1 a fourth
embodiment of the present invention.

FIG. 23 depicts another example of the communication
sequence 1n the fourth embodiment of the present invention.

FIG. 24 15 a sequence diagram depicting insertion of sleep
parameters in the fourth embodiment of the present invention.

FIG. 25 1s a flowchart of a process of selecting an 1dle
period of an ONU according to the fourth embodiment of the
present 1nvention.

FIG. 26 1s a configuration example of a PON system
according to a fifth embodiment of the present invention.

FI1G. 27 1s an example of power consumption in each power
saving mode.

FIG. 28 1s a sequence diagram depicting an example of a
power-saving-mode setting procedure 1n the fifth embodi-
ment of the present invention.

FIG. 29 1s another configuration example of the PON sys-
tem according to the fifth embodiment of the present inven-
tion.

FIG. 30 1s a sequence diagram depicting another example
of the power-saving-mode setting procedure in the fifth
embodiment of the present invention.

DESCRIPTION OF EMBODIMENTS

First Embodiment

Hardware Configuration
FIG. 1 illustrates a configuration example of a PON system
according to a first embodiment of the present invention. As
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shown 1 FIG. 1, the PON system according to the present
embodiment includes an OLT 1 (a master station) and ONUSs
10-1 to 10-3 (slave stations). The OLT 1 and the ONUs 10-1
to 10-3 are connected to each other by an optical fiber 30 via
a splitter 40. The splitter 40 branches the optical fiber 30,
which 1s a trunk line connected to the OLT 1, into the number
of ONUs 10-1 to 10-3. The ONU 10-1 1s connected to termi-
nals 20-1 and 20-2. While an example of including three
ONUSs 1s described here, the number of ONUSs 1s not limited
thereto and can be any number. When the ONU 10 1s gener-
ally shown, the ONU 1s described as ONU1 (=1, 2,...,N. N
1s an iteger equal to or larger than 1).

The OLT 1 includes a control unit 2 (OLT control unit) that
performs processes on the OLT side based on a PON protocol,
a reception bufler 3 for storing uplink data received from the
ONUs 10-1 to 10-3, a transmission buffer 4 for storing down-
link data to be transmitted to the ONUs 10-1 to 10-3, an
optical transmitter and receiver 5 that transmits and receives
an optical signal, a WDM (Wavelength Division Multiplex-
ing) coupler (WDM) 6 that wavelength-multlplexes uplink
data and downlink data by using different wavelengths, and a
physical-layer processing unit (PHY') 7 that realizes a physi-
cal interface function of an NNI (Network Node Interface)
with a network (not shown). The optical transmitter and
receiver 3 icludes an optical recerver (Rx: receiver) 31 that
performs a reception process of an optical signal transmitted
from the ONUs 10-1 to 10-3 and that converts the optical
signal into uplink data, and an optical transmitter (I'x: trans-
mitter) 52 that performs a transmission process of downlink
data to be transmitted to the ONUs 10-1 to 10-3 and that
converts the downlink data into an optical signal.

The PON protocol 1s a control protocol used 1n a MAC
(Media Access Control) layer or the like, which 1s a sublayer
of a layer two, and 1s, for example, a MPCP (Multi-point
Control Protocol) or an OAM (Operatlon Administration and
Maintenance) specified by the IEEE.

The ONU 10-1 includes a control unit 11 (ONU control
unit) that performs processes on the ONU side based on the
PON protocol, a transmission butfer (an uplink butfer) 12 for
storing transmission data (uplink data) to the OLT 1, a recep-
tion buller (a downlink buiter) 13 for storing received data
(downlink data) from the OLT 1, an optical transmitter and
receiver 14, a WDM 15 that wavelength-multiplexes optical
signals 1in the uplink data and downlink data by using different
wavelengths, and physical-layer processing units (PHY's)
16-1 and 16-2 that respectively realize a physical interface
function of an UNI (User Network Interface) between the
terminals 20-1 and 20-2.

The optical transmitter and receiver 14 of the ONU 10-1
includes an optical transmitter (ITx: transmitter) 141 that per-
forms a transmission process of uplink data to be transmaitted
to the OLT 1 and that converts the uplink data to an optical
signal, and an optical receiver (Rx: recerver) 142 that per-
forms a reception process of the optical signal transmitted
from the OLT 1 and that converts the optical signal into
downlink data. The control unit 11 1s connected to the optical
transmitter and recerver 14 via a signal line for power saving
control for controlling at least one or both of the optical
transmitter 141 and the optical recerver 142 to an on state/oif
state. The PHY 16-1 includes a reception unit (Rx: receiver)
161-1 that performs a reception process ol data transmitted
from the terminal 20-1 and a transmission unit (TX: transmiuit-
ter) 162-1 that performs a transmission process of data to be
transmitted to the terminal 20-1. The PHY 16-2 similarly
includes a reception unit (Rx: receiver) 161-2 that performs
the reception process, and a transmission unit (1x: transmit-
ter) 162-2 that performs the transmission process.
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In the communication system according to the present
embodiment, (1) an ONU 10 that can control only the optical
transmitter 141 to a power saving state, (2) an ONU 10 that
can control the optical transmitter 141 and the optical recerver
142 to the power saving state, and (3) an ONU 10 that cannot
support the control to any power saving state are present
together. These ONUs 10 can be classified into four types,
that 1s, an ONU that supports any one of the two power saving
modes, an ONU that supports both modes, and an ONU that
does not support any mode.

[1] Tx sleep mode (Tx only Sleep mode or Doze mode): a
receiving function [Rx] 1s 1n an on state at all times and only
a transmitting function (Tx) cyclically repeats on and o
[2] TRx sleep mode (TRx Sleep mode or Cychc sleep mode)
the transmitting function [ Tx] and the recerving function [Rx]
cyclically repeat on and off.

It 1s assumed here that two terminals are connected to the
ONU 10-1. However, the number of terminals 1s not limited
thereto, and can be any number, and includes physical-layer
processing units (PHYs) corresponding to the number of
terminals. While a configuration example of the ONU 10-1 1s

shown 1n FIG. 1 as a representative example, and the ONUs
10-2 and 10-3 have the same configuration as that of the ONU

10-1.

The control unit 2 of the OLT 1 allocates a band to each of
the ONUs 10-1 to 10-3 so that a transmission time period of
uplink data does not overlap on each other and notifies each of
the ONUs 10-1 to 10-3 of the allocated band as a transmission
permission, thereby preventing collision of pieces of uplink
data transmitted from the ONUSs 10-1 to 10-3, as 1n the con-
ventional PON system. While any method can be applied to
the band allocation, for example, a method described 1n the
following literature can be used. “Dynamic Bandwidth Allo-

cation Algorithm for Multimedia Services over Ethernet®
PONs”, by Su-1l Choi and Jae-doo Huh, ETRI Journal, Vol-

ume 24, Number 6, December 2002, p. 465 to p. 466.
Overall Operation of Communication System

An overall operation of the OLT 1 and the ONUs 10-1 and
10-3 according to the present embodiment 1s explained. The
control unit 2 stores downlink data (downlink communication
data) recerved from the network via the PHY 7 in the trans-
mission buifer 4. At the time of transmitting data from the
OLT 1, the control unit 2 reads the downlink data stored 1n the
transmission bulfer 4 and outputs the downlink data to the
optical transmitter and receiver 5. The Tx 52 1n the optical
transmitter and receiver 3 outputs the transmitted data to the
WDM 6 as an optical signal. The WDM 6 performs wave-
length-multiplexing with respect to the optical signal output
from the optical transmitter and recerver 5, and outputs the
wavelength-multiplexed optical signal to the ONUs 10-1 and
10-3 via the optical fiber 30 as a downlink signal. The control
unit 2 generates a control message iforming an allocation
result of a transmission band as a transmission permission, a
control message inquiring link maintenance, and the like,
outputs these control messages to the optical transmitter and
receiver 5, and transmits the control messages to the ONUs
10-1 and 10-3 1n similar manner to that in the downlink data.
In the PON system 1n FIG. 1, because wavelength-multiplex-
ing 1s performed, assuming that the uplink signal and the
downlink signal are optical signals having different wave-
lengths, the WDMs 6 and 135 are used. However, when com-
munication 1s performed by using a single wavelength, the
control unit 2 also allocates uplink and downlink transmis-
s1on bands 1nstead of using the WDMs 6 and 15.

A signal which 1s provided by converting uplink data and
an uplink control message 1nto an optical signal are collec-
tively referred to as “uplink signal”, and a signal which 1s
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provided by converting downlink data and a downlink control
message mnto an optical signal are collectively referred to as
“downlink signal™.

In the ONUs 10-1 and 10-3, when a downlink signal 1s
received fromthe OLT 1, the WDM 15 separates the downlink
signal from an uplink signal and outputs the downlink signal
to the optical transmitter and receiver 14, and the Rx 142 in
the optical transmitter and recerver 14 converts the downlink
signal into downlink data or a control message of an electric
signal and outputs the electric signal to the control umt 11.
The control unit 11 stores the downlink data output from the
Rx 142 1n the optical transmitter and receiver 14 1n the recep-
tion buffer 13, and acquires information related to a transmis-
s10n permission and an inquiry about link maintenance from
the control message. The control unit 11 performs a transmis-
s1on process described later based on the acquired pieces of
information.

The control unit 11 also reads the downlink data stored in
the reception buffer 13 and outputs the downlink data to both
or one of the PHY's 16-1 and 16-2 according to the address of
data. The PHY's 16-1 and 16-2 having received the downlink
data perform a predetermined process with respect to the
downlink data and transmit the data to the terminals 20-1 and
20-2 connected to the own device.

Meanwhile, when uplink data 1s to be transmitted from the
ONUs 10-1 and 10-3, the control unit 11 stores the uplink data

acquired from the terminals 20-1 and 20-2 via the PHY's 16-1
and 16-2 1n the transmission buffer 12. The control unit 11
then reads the uplink data stored 1n the transmission buiifer 12
and outputs the data to the optical transmuitter and recerver 14
based on a band allocation result provided as the transmission
permission from the OLT 1. The control unit 11 generates a
control message related to the link maintenance or the like,
and outputs the control message to the optical transmitter and
receiver 14 based on the transmission band provided from the
OLT 1. The Tx 141 1n the optical transmitter and receiver 14
converts the uplink data into an optical signal (an uplink
signal), and transmits the optical signal to the OLT 1 via the
WDM 13 and the optical fiber 30.

The OLT 1 converts the optical signal received from the
ONUs 10-1 and 10-3 via the optical fiber 30 and the WDM 6
into uplink data and a control message by the Rx 51 1n the
optical transmitter and receiver 5. The control unit 2 stores the
converted uplink data in the reception buifer 3, performs an
operation based on the control message, and generates a
response to the control message, and discards the control
message. Upon reception of the uplink data, the control unit 2
reads the uplink data stored once in the reception buifer 3, and
outputs the uplink data to the network via the PHY 7.
Power Saving Operation of PON System

A power saving operation of the PON system 1s explained
as an example of a power saving operation of the communi-
cation system with reference to FIG. 2 or FIG. 4. In the
communication system shown in FIG. 2, an ONU (1) having
the power saving tunction of the Tx sleep mode (correspond-
ing to the power saving mode) and an ONU (2) having the
power saving function of both the ‘Tx sleep mode’/*TRx
sleep mode’ are connected to one OLT 1. FIG. 2 depicts a
control sequence in which the OLT 1 operates the ONU 10 1n
the power saving state, matched with the capability of the
ONU 10 (the power saving function).

At Step S1, the OLT 1 performs a discovery process for
finding an active ONU 10. The OLT 1 broadcasts a discovery
control message as a downlink signal, and each ONU 10
having received the control message returns unique 1dentifi-
cation information such as a serial number of the ONU or the
like. Because all the ONUs 10 1n a communicable state gen-
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erate a control message and return the control message to the
OLT 1 having transmitted the discovery control message, the
OLT 1 can detect an active ONU 10 by recerving a response
control message. In a state at Step S1, the ONU (2) 1s turned
ofl, and does not return a response message.

The OLT 1 exchanges various parameters related to the
capability of the ONU 10 and a communication condition
with the ONU 10 detected at Step S1, thereby setting a com-
munication condition with each other (Step S2).

When a configuration at Step S2 1s complete, the OLT 1
shifts to a normal communication state. The OLT 1 allocates
a band for uplink communication to each ONU 10, and trans-
mits the allocated band to each ONU 10 as transmission
permission information (Grant or Gate). The OLT 1 can store
the Grant 1n a frame together with other pieces of downlink
data and transmuit the frame to the ONU 10, or can transmit the
Grant individually. The frame can be rephrased as “packet”.

When there 1s uplink transmission data in the transmission
butifer 12, the ONU 10 having received the Grant starts data
transmission 1n a full service mode (both the Tx and the Rx are
in the on state). However, a case where there 1s no transmis-
sion data and the ONU 10 shifts to the power saving mode
(Step S3) 1s explained below.

When shifting to the power saving mode, the ONU 10
transmits a request signal requesting a transition permission
to the power saving mode to the OLT 1. The OLT 1 determines
whether to allow transition to the power saving mode based
on, for example, various pieces of information of the ONU 10
acquired at Step S2 and an uplink and downlink communica-
tion status with the ONU 10, and transmits a permission
signal (or a non-permission signal) to the ONU 10. Upon
reception of the permission signal, the ONU 10 turns off the
optical transmitter 141 (or the optical transmitter 141 and the
optical recerver 142) for a predetermined period based on the
permission signal, thereby reducing power consumed by the
optical transmitter and receiver 14.

The OLT 1 can allow the ONU 10 to shuft to a power saving,
mode different from the power saving mode requested by the
ONU 10, according to the configuration result.

At Step S3, the OLT 1 also allocates a band to the ONU 10
in the Tx sleep mode 1n which the optical transmaitter 141 1s
turned oif, to transmait the Grant to the ONU 10. When uplink
data desired to be transmitted 1s generated, the ONU 10
having received the Grant generates a control message
requesting cancellation of the Tx sleep mode and turns on the
optical transmitter 141, thereby transmitting data to the OLT
1 by using the allocated band. Alternatively, the ONU 10
generates a control message requesting cancellation of the Tx
sleep mode, and transmits the control message to the OLT 1
by using the band allocated by the Grant.

The ONU 10 monitors generation of uplink data equal to or
larger than a predetermined threshold and communication
start of the terminal (a connected device) that requests a large
band and decides cancellation of the power saving mode
based on a monitoring result. The ONU 10 having determined
cancellation of the power saving mode transmits a cancella-
tion message SLEEP_ACK (wake up) and data to the OLT 1
by using the received Grant, thereby enabling to notify the
OLT 1 of a cancellation decision of the power saving mode.
The OLT 1 having recerved the cancellation message and data
from the ONU 10 determines that the ONU 10 ends the power
saving mode and shifts to the tull service mode (both the Tx
and the Rx are in the on state), and allocates the Grant 1n the
normal communication state.

When the OLT 1 does not recerve the cancellation message
SLEEP_ACK (wake up) but receives a new band allocation
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request for uplink data from the ONU 10, the OLT 1 can
determine that cancellation of the power saving mode of the
ONU 10 has been decided.

Control when the ONU (2) that can support both the TX
sleep mode and the TRx sleep mode 1s started up 1s explained
next. When the ONU (2) 1s found by the discovery (Step S4)
cyclically performed by the OLT 1, the configuration 1s per-
formed between the OLT 1 and the ONU (2) (Step S3).

Because the OLT 1 has acquired various parameters of the
ONU (1) at Step S2, the configuration between the OLT 1 and
the ONU (1) at Step S5 can be sklpped unless information of
the acquired various parameters 1s reset. When the configu-
ration 1s performed at Step S5 and the result thereof 1s ditter-
ent from the result at Step S2, a priority 1s given to the result
of the configuration performed last (1in this case, the result at
Step SS5).

When the configuration 1s complete, the ONU (2) starts
communication. When there 1s no uplink data, the ONU (2)
having received the Grant from the OLT 1 transmuits a request
(SLEEP_REQ) requesting a transition permission to a power
saving mode similar to that at Step S3 (Step S7).

In an example shown 1n FIG. 2, at Step S7, the ONUS (1)
and (2) transmit a request (SLEEP_REQ) requesting a tran-
sition permission to the power saving mode to the OLT 1. The
OLT 1 starts communication with the ONU (1) by a power
saving protocol of the Tx sleep mode based on the result of the
configuration. Meanwhile, because the ONU (2) supports
both the Tx sleep mode and the TRx sleep mode, the OLT 1
confirms the state of a downlink bufier (the transmission
butler 4) to decide a power saving mode to be allowed, and
starts communication with the ONU (2) by using the power
saving protocol corresponding to the decided power saving
mode.

Step S7 1s explained in detail with reference to FIG. 3.

If the power saving mode 1s not specified by the ONU 10,
the OLT 1 having received the request (SLEEP_REQ) detects
a state of traflic (presence and amount) of uplink or downlink
communication, the type of link, and a connected device
(type, on/off, and the like) on a side of the ONU 10, and
selects a power saving mode based on a detection result and
the information of the power saving mode allowed by the
configuration (Step S7a).

On the other hand, if the power saving mode 1s specified by
the ONU 10, the OLT 1 selects a power saving mode based on
the requested power saving mode, a detection result of the
communication status and the like, and the information of the
power saving mode allowed by the configuration (Step S7a).
The OLT 1 returns the selected result to the ONU 10 as a
permission notice (or a non-permission notice).

Details of selection of the power saving mode and transi-
tion to the power saving mode are explained later.

Explanations are continued while referring back to FI1G. 2.
The ONU 10 can also specity the desired power saving mode,
together with the request (SLEEP_REQ) at Step S6. In this
case, the OLT 1 starts communication with the ONU (2) by
using the power saving protocol corresponding to the speci-
fied information. As a state where the ONU 10 specifies the
desired power saving mode, for example, there can be con-
sidered a case where the ONU 10 can shiit to the power saving
mode after communication has started. Such a state occurs
when a small amount of intermittent data communication by
web browsing or only speech communication with a small
band occurs, or when only an IP phone 1s turned on and 1s in
a standby state.

The ONU 10 detects these states by monitoring the trans-
mission buffer 12 and the state of the connected device,
decides a shift to the power saving mode when a predeter-

10

15

20

25

30

35

40

45

50

55

60

65

10

mined condition 1s achieved, and notifies the OLT 1 of the
desired power saving mode. For example, a shift determina-
tion of the ONU 10 1s performed when a total amount or a
mean value of uplink traffic and downlink tratfic becomes
equal to or lower than a threshold for a predetermined period,
or when a predetermined condition matches with the state of
the connected device by using a correlation table of power

saving modes to which the ONU 10 can shift (Steps S6a and
S6b).

The ONU 10 accesses a storage device (not shown) to
check whether the power saving mode decided based on the
state of tralfic and the like corresponds to the power saving,
mode allowed by the OLT 1 (Step S6c¢), and 1f the power
saving mode 1s the allowed mode, transmits a request
(SLEEP_REQ) to the OLT 1. At this time, when the decided
mode does not correspond to the allowed mode, the ONU 10
changes the mode to a mode corresponding to the allowed
mode to transmit a request or suppress transmission of the
request. As described above, by suppressing the request
which does not correspond to the allowed mode, unnecessary
consumption of the band and power associated with the pro-
cess can be saved. Step S6 1s not essential 1n this case.

(Link Management and Band Allocation Notification)

Link management between the OLT 1 and the ONU 10 1s
explained below. The OLT 1 cyclically transmits a control
message for an inquiry about link maintenance to the ONU 10
found at Step S1. The ONU 10 having received the imquiry
message returns a response message, maintains a link state
when the OLT 1 receives the response message, and discon-
nects the link when the response 1s not recerved by the OLT 1
continuously for a predetermined number of times. The ONU
10 1n the power saving mode cyclically turns on the optical
transmitter 141 (or the optical transmuitter 141 and the optical
receiver 142) in order to respond to the inquiry about the link
maintenance. The ONU 10 can transmit other pieces of con-
trol information and data of a small capacity stored in the
transmission buifer 12 by using the band allocated for a
response of the link maintenance.

A dedicated control message can be also used for the
inquiry about the link maintenance. However, the PON sys-
tem uses the Grant that notifies band allocation as the control
message for an inquiry about the link maintenance.

For example, in FIG. 4, the OLT 1 transmits the Grant for
cach band update cycle, regardless of an operating mode. The
ONU 10 returns data each time in the full service mode
(timings ul and u2). After having transmitted a sleep request
in the Tx sleep mode (a timing u3), the ONU 10 does not
respond when the optical transmitter 141 1s turned off (tim-
ings ud and us), and responds when the optical transmitter
141 1s transiently turned on (a timing u6). That 1s, the Grant
received by the ONU 10 at the timings u4 and u5 1s simply a
band allocation notice for transmission of uplink data by the
ONU 10, and an inquiry about the link maintenance 1s not
performed. The Grant received at the timing u6 indicates that
an inquiry about the link maintenance 1s also made 1n addition
to the band allocation notice for transmission of uplink data.

Whether or not an inquiry cycle for the link maintenance 1s
set for the same length of time as a transmission cycle of the
Grant 1s determined between the OLT 1 and the ONU 10
based on the power saving protocol or the like. When the
ONU 10 wants to transmuit uplmk data 1n a period during
which the optical transmitter 141 1s turned off, 11 a band 1s
allocated, the ONU 10 can turn on the optical transmitter 141
to transmit the data to the OLT 1. Alternatively, the ONU 10
can generate a control message requesting cancellation of the
Tx sleep mode and transmit the control message to the OLT 1
by using the allocated band. With this power saving protocol
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of the Tx sleep mode, the ONU 10 can transmit data in a short
delay time, even 1f uplink data 1s generated.

The OLT 1 can allocate a band to the ONU 10 whose
optical transmitter 141 1s turned off each time for each band
update cycle 1n the full service mode, or can allocate a band
once 1n several times 1n the full service mode, taking 1t into
consideration that there 1s not so much uplink communica-
tion.

Meanwhile, the ONU 10 in the Tx sleep mode needs to turn
on the optical transmitter 141 1 order to respond to the
inquiry about the link maintenance from the OLT 1, and
power consumption 1s wasted i1 a response 1s made to each
Grant. Therefore, in the power saving protocol of the Tx sleep
mode, an mquiry about the link maintenance from the OLT 1
1s made once 1n several times of band allocation notices, to
reduce the number of responses to the Grant by the ONU 10,
thereby extending a power-oil period of the optical transmut-
ter 141. In this manner, the link state can be maintained, while
reducing power consumption.

The power saving protocol of the TRx sleep mode 1s set

such that the inquiry cycle for link maintenance is the same as
the band allocation cycle, and a period during which the
optical transmitter 141 and the optical receiver 142 are turned
off1s longer than the transmission cycle of the Grant 1n the full
service mode and 1s shorter than a period during which the
optical transmitter 141 1s turned oif 1

in the Tx sleep mode. It 1s
because 1n the TRx sleep mode, the optical transmitter 141
and the optical recerver 142 are on/oil controlled together,
and thus the cycle does not need to be changed for an inquiry
about the link maintenance and for band allocation, and
uplink communication 1s less than that in the full service
mode, thereby enabling to increase a transmission interval of
the Grant. Because the ONU 10 in the TRx sleep mode also
turns oil the optical receiver 142 in addition to the optical
transmitter 141, power consumption can be reduced, and data
can be transmitted 1n a short delay time when uplink data 1s
generated 1n the ONU 10, while maintaiming the link state 1n
the power saving mode, by setting the transmission interval of
the Grant as described above.

(Details of Configuration)

The configuration performed at Steps S2 and S5 1s
explained next in detail with reference to FIG. 3. At Step S5,
the configuration 1s performed between both the ONUs (1)
and (2) and the OLT 1. In FIG. 3, steps denoted by like
reference signs i FIG. 2 represent like or corresponding
processes. The protocol described below 1s an example and

the present invention 1s not limited to various transmission
frames, names thereof, and procedures shown 1n FIG. 3 and,
for example, an extended OAM (eOAM) or an OMCI (an
ONU management and control interface or an ON'T manage-
ment and control interface) can be also used.

In FIG. 3, when a discovery at Step S4 1s complete, the
ONU 10 collects pieces of attribute information such as the
type, on/oll, type of line, speed, idle period during which the
power saving operation 1s performed (a time associated with
a period of T_SLEEP 1n FIG. 4), and a transient operating
time at which the optical transmitter 141 1s intermittently
turned on to operate 1n the power saving mode (a time asso-
ciated with a period of T_AWARE) 1n FIG. 4) of the con-
nected device such as the terminal 20-1 (Step S5a), and gen-
erates attribute information together with information related
to the function and performance of the own device recorded in
a storage device (not shown) of the own device (Step S55H).
The ONU 10 records associated information of the power
saving function (power_save_attr) as the attribute informa-
tion.
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When the discovery 1s complete, the OLT 1 transmits a
request command (Get_cmd) of the attribute information of
the ONU 10. Each ONU 10 returns the attribute information
in a response frame (Get_rsp) with respect to the request
command. There can be case where the ONU 10 that does not
support the power saving function does not transmit associ-
ated information of the power saving function (power_save_
attr).

Upon reception of the response frame (Get_rsp), the OLT 1
records the acquired attribute information of the ONU 10 in
the own storage device (a database) in a format shown 1n FIG.

12 described later.

In the storage device of the OLT 1, an idle period T1 for the
Tx sleep mode (a power saving period during which the ONU
10 1n the Tx sleep mode turns off the optical transmitter 141)
and an 1dle period 12 for the TRx sleep mode (a power saving
period during which the ONU 10 1n the TRx sleep mode turns
ofl the optical transmitter 141 and the optical receiver 142)
are recorded beforehand. Contract information of each user 1s
also recorded therein.

The OLT 1 checks restrictions of the power saving mode
for each user and each service to be offered based on the
contract of each user prerecorded 1n the storage device (Step
S5¢), and determines the power saving mode and a condition
allowed to each ONU 10 (Step S3d). Examples of the restric-
tions are shown i FIGS. 12 to 16. For example, when a user
uses a communication line i a server application that
requires a rapid response, it 1s not desired that the ONU 10
shifts to the power saving mode and delay 1s generated. The
OLT 1 and the ONU 10 confirm the power saving mode to be
allowed before starting communication, thereby enabling to
suppress such undesired delay.

A relation between an acceptable delay time of downlink
data and an average power consumption of the ONU 10 1s
shown 1n FIG. 5. A solid line denotes a Tx sleep mode 1n
which an i1dle period 1s similar to that 1n the TRx sleep mode,
a one-dot chain line denotes a 'Tx sleep mode of the present
embodiment (an 1dle period thereof 1s different from the TRx
sleep mode), and a broken line denotes the TRx sleep mode.
The average power consumption of the ONU 10 1s normal-
1zed based on the power consumption in the full service mode.
A relative relation of the power consumption between a
period during which the power supply 1s intermittently turned
oninthe Tx sleep mode and the TRx sleep mode (T_AWARE)
and a period during which the power supply 1s turned off
(T_SLEEP) 1s shown 1n FIG. 6.

As can be understood from the states of the TRx sleep
mode and the conventional Tx sleep mode 1n FIG. 5, power
consumption decreases as the acceptable delay time of down-
link data becomes long. That 1s, 11 the 1dle period of the power
saving mode 1s set long, power consumption of the ONU 10
can be reduced. However, when the 1dle period 1s set long 1n
the TRX sleep mode, a delay time when uplink data 1s gener-
ated 1n the ONU 10 becomes also long by the extended 1dle
period. On the other hand, 1n the TX sleep mode, even 1t the
idle period 1s set long, the ONU 10 can cancel the power
saving mode, and thus can transmit data 1n a short delay time.

In the Tx sleep mode of the present embodiment, the 1dle
perlod in the Tx sleep mode and the 1dle period 1n the TRx
sleep mode are individually set, and the 1dle period of the Tx
sleep mode 1s set to be equal to or longer than that in the TRx
sleep mode. Because the ONU 10 1n the Tx sleep mode can
receive downlink data even in the idle period, the power
saving state (the state where the optical transmitter 142 1s
turned oif) can be maintained even when the acceptable delay
time of downlink data 1s as short as a few milliseconds.
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Accordingly, power consumption can be reduced than 1n the
conventional TX sleep mode using the same 1dle period as the
TRx sleep mode.

As a value of the 1dle period, for example, 1t can be con-
sidered to set the Tx sleep mode to 500 milliseconds at which
a reduction effect of power consumption 1s acquired, and set
the TRx sleep mode to 50 milliseconds based on a call-reply
request time of telephone (a representative service requiring,
low delay). The set value 1s not limited thereto.

The OLT 1 generates a command frame (Set_cmd) includ-
ing the decided allowed power saving mode and information
of the corresponding 1dle period, and transmits the command
frame to the ONU 10. Upon reception of the command frame
(Set_cmd), the ONU 10 records the allowed power saving
mode and the 1dle period 1n the storage device of the own
device (Step SSe). When there are two allowed power saving
modes, the OLT 1 can isert the two allowed power saving
modes and mformation of the 1dle periods T1 and T2 into the
command frame (Set_cmd) to be transmitted to the ONU 10.
Even when there are three power saving modes, the command
frame can 1nclude respective pieces of information.

In this manner, because the OLT 1 notifies the ONU 10 of
different idle periods T1 and T2 corresponding to the power
saving mode ol the ONU 10, the ONU 10 1n the Tx sleep mode
can reduce power consumption, and the ONU 10 1n the TRx
sleep mode can transmit uplink data in a short delay time.

(Selection of Power Saving Mode and Transition to Power
Saving Mode)

When there are a plurality of power saving modes allowed
at Steps S5d and S5e, before the ONU 10 shifts to the power
saving mode, the OLT 1 or the ONU 10 needs to decide which
power saving mode 1s to be selected. Four cases are explained
below.

(a) A case where the OLT 1 makes an inquiry, and the ONU
10 decides the power saving mode.

The OLT 1 generates a control message SLEEP_ ALLOW
(TxI'TRx) inquiring which of the Tx sleep mode and the TRx
sleep mode 1s to be selected, and transmaits the control mes-
sage to the ONU 10. The ONU 10 having received the control
message SLEEP_ALLOW selects any one of the power sav-
ing modes based on the own capability (the power saving
function provided therein), and records one of the 1dle periods
11 and T2 notified from the OLT 1 betforehand corresponding

to the selected power saving mode as the 1dle period of the

own device. For example, when the ONU 10 selects the Tx
sleep mode, the ONU 10 generates SLEEP ACK(TX) includ-
ing 1nformation of the selected power saving mode as a
response to the SLEEP_ALLOW, and returns the
SLEEP_ACK(TX) to the OLT 1. At this time, the ONU 10
shifts to the Tx sleep mode. Upon reception of the
SLEEP_ACK(Tx), the OLT 1 records that the power saving
mode of the ONU 10 1s the Tx sleep mode in the storage unit
of the own device, and recognizes that the ONU 10 has shifted
to the Tx sleep mode.

A case where the ONU 10 corresponds to the Tx sleep
mode has been explained above. However, 1n a case where the

ONU 10 corresponds to the TRx sleep mode, the ONU 10
having received the SLEEP_ALLOW(Tx|ITRx) from the
OLT 1 selects the TRx sleep mode based on the own capabil-
ity, records the information of the power saving mode and the
idle period T2 1n the storage unit of the ONU 10, and shiits to

the TRx sleep mode. The ONU 10 generates and transmits
SLEEP_ACK(TRX) tothe OLT 1. The OLT 1 having received

the SLEEP_ACK(TRX) records that the power saving mode
of the ONU 10 1s the TRx sleep mode in the storage unit of the
own device, and recognizes that the ONU 10 has shifted to the
TRx sleep mode.
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By giving a decision right to the ONU 10 1n this manner, the
power saving mode corresponding to the state of the uplink
builer (the transmission buifer 12) of the ONU 10 can be
decided.

(b) A case where the OLT 1 decides the power saving mode
and notifies the ONU 10 of the power saving mode.

The OLT 1 can decide a power saving mode to be allowed
in the own device and transmit the decided power saving
mode (ITx or TRx) to the ONU 10 as a permission notice
(SLEEP_ALLOW), instead of allowing the ONU 10 to select
the power saving mode.

At this time, a response from the ONU 10 to the OLT 1 1s
not essential. The OLT 1 registers that the ONU 10 shiits to
the power saving mode when the permission notice reaches
the ONU 10, taking into consideration an RTT (round trip
time) or a setup time of the optical transmitter and receiver 14,
and upon reception of the permission notice, the ONU 10
shifts to the power saving mode.

When the ONU 1 responds to the OLT 1, the ONU 10 shiits
to the power saving mode at the time of responding to the
permission notice, and upon reception of the response, the
OLT 1 recognizes that the ONU 10 has shifted to the power
saving mode. It should be noted that, When there 1s no
response within a predetermined time, 11 the OLT 1 retrans-
mits the permission mnformation, the power saving mode can
be securely recognized mutually between the OLT 1 and the
ONU 10.

(c) A case where the OLT 1 makes an inquiry 1n a response
to a request from the ONU 10, and the ONU 10 decides the
power saving mode.

The ONU 10 transmits a control message SLEEP_REQ
requesting a shift inquiry to the power saving mode to the
OLT 1. The OLT 1 having recerved the SLEEP_REQ specifies
power saving modes to be allowed, and transmits to the ONU
10 a control message SLEEP_ ALLOW(TxITRx) mnquiring
which power saving mode 1s to be selected. Asin (a), the ONU
10 decides the power saving mode and notifies the OLT 1 of
the power saving mode.

(d) A case where the ONU 10 decides the power saving
mode, and requests a permission to the OLT 1.

The ONU 10 decides the own power saving mode based on
the states of the transmission buifer 12 and the like, and
transmits the SLEEP_REQ including information of the
decided power saving mode to the OLT 1. The OLT 1 having
received the SLEEP_REQ determines whether the power
saving mode decided by the ONU 10 can be allowed based on
the mformation of the power saving mode decided by the
ONU 10 and the information recorded 1n the storage device,
and transmits a permission notice SLEEP_ALLOW (or a
non-permission notice) to the ONU 10. Upon reception of the
permission notice with respect to the SLEEP_REQ), the ONU
10 shifts to the power saving mode, and the OLT 1 recognizes
that the ONU 10 shiits to the power saving mode at a point in
time when the permission notice reaches the ONU 10.

In this case, because the ONU 10 has selected and decided
the power saving mode beforehand, an inquiry from the OLT
1 to the ONU 10 can be omitted, and the procedure can be
simplified. Because the OLT 1 can allocate a band to the ONU
10 regardless of the power saving mode of the ONU 10, the
ONU 10 can transmit uplink traflic in a short delay time.

When the allowed power saving mode 1s one power saving,
mode, when the ONU 10 shifts to the power saving mode, the
OLT 1 makes an inquiry as in the above-described (a) and (b)
or the ONU 10 requests a permission as in the above-de-
scribed (c¢) and (d), thereby enabling to recognize the state of
the operating mode mutually between the OLT 1 and the

ONU 10. When the ONU 10 has received the SLEEP Al .-
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LOW(TxI'TRx), the SLEEP_REQ 1s generally transmitted
when the ONU 10 shifts to the power saving mode. However,

betore receiving the SLEEP_ ALLOW(Tx|TRx), the ONU 10
can transmit the SLEEP_REQ as in the above-described (c)
and (d).

(Mode Change Between Power Saving Modes)

Mode change between the different power saving modes 1s
explained next with reference to FIG. 7. In FIG. 7, steps
denoted by like reference signs in FIG. 2 represent like or
corresponding processes. In FIG. 7, steps denoted by like
reference signs i FIG. 2 represent like or corresponding
processes. The protocol described below 1s an example and
the present invention 1s not limited to various transmission
frames, names thereof, and procedures shown in FIG. 7.

FI1G. 7 depicts a state where the ONU 10 shifts from the Tx

sleep mode to the TRx sleep mode, and thereafter, shifts to the
Tx sleep mode again. Mode change between the power saving
modes may be performed by the ONU 10 autonomously
based on a determination of the ONU 10 explained at Steps
S6a to S6c 1n FIG. 2. However, the OLT 1 can 1nstruct the
ONU 10 to shift the mode. A case where the OLT 1 instructs
the ONU 10 to shift the mode 1s explaimned below as an
example.

When the ONU 10, which 1s operating 1n the full service
mode 1n a period P1, specifies the Tx sleep mode and trans-

— 1

mits a transition request (SLEEP_REQ) to the power saving,
modetothe OLT 1, the OLT 1 decides whether to allow power
saving (Step S7a) and returns a response (SLEEP_ALLOW
(Tx)) allowing the request. Upon reception of the permission
notice, the ONU 10 shifts to the Tx sleep mode, and operates
in the Tx sleep mode during a period P2. The ONU 10 also
returns the SLEEP_ACK(Tx) as aresponse to the OLT 1. The
ONU 10 having shifted to the Tx sleep mode maintains power
to the optical receiver 142, but cuts power to the optical
transmitter 141, and starts an operation with power consump-
tion being suppressed. In FIG. 7, Tx and Rx respectively
indicate a power-on state of the optical transmitter 141 and the
optical receiver 142 (in a period with no description, the
optical transmitter 141 and the optical receiver 142 are 1n a
power-oif state).

In the period P2, because the optical recetver 142 1s 1n the
on state, the OLT 1 can transmit downlink data. This means
that the ONU 10 can receive data transmitted from the OLT 1.
Although not shown 1 FIG. 7, the OLT 1 also provides the
Grant together with the downlink data. The ONU 10 receives
the Grant. However, when there 1s no transmission data, the
ONU 10 does not supply power to the optical transmuatter 141,
thereby suppressing power consumption.

When there 1s no downlink traffic transmitted from the
OLT 1tothe ONU 10 at Step S10, the OLT 1 detects this based
on the monitoring result of the transmission bufier 4 and the
like, and checks the configuration result at Step S2 stored 1n
the storage device, to determine whether to change the down-
link communication to the power saving mode as well.
Completion detection of downlink traffic 1s performed based
on, for example, whether the downlink traffic read from the
transmission buffer 4 becomes equal to or less than a prede-
termined threshold 1n a certain period.

When having determined to change the mode from the Tx
sleep mode to the TRx sleep mode, the OLT 1 specifies the

mode (TRx) to be changed 1n a sleep mode change request
(SLEEP_ALLOW) and transmits the sleep mode change

request to the ONU 10. The ONU 10 having received the
change command transmits the SLEEP_ACK(TRx) as 1n the
shift to the power saving mode at Step S7, and changes over
the power saving mode from the Tx sleep mode to the TRx
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sleep mode. The ONU 10 cuts power to the optical receiver
142 and operates 1n a state of power consumption being
turther suppressed.

In the TRx sleep mode, cyclic sleep 1s performed 1n which
power on/oll 1s repeated 1n a constant or variable cycle. It 1s
specified how long power 1s to be turned off by a parameter
referred to as “sleep time”. The sleep time can be a default
value decided by the configuration (the 1dle period T1 1n the
case of the Tx sleep mode, and the 1dle period 12 in the case

of the TRx sleep mode), or can be a value specified by the
SLEEP_ALLOW(TRx). For example, when the sleep time 1s
not specified by the SLEEP_ALLOW(TRx), the ONU 10 and
the OLT 1 use the 1dle period T2 of the default value.

To specity the sleep time, for example, there are a method
of specitying a power-oil period of the optical transmitter and
receiver 14, a method of specitying a start time and a finish
time, and a method of specitying a power-oif start time and
power-oll continuous period. It 1s assumed here that the sleep
time 1s specified by specifying a power-oil period.

In a period P3, the ONU 10 temporarily turns on the optical
transmitter 141 and the optical receiver 142 according to the
sleep time, and returns a response (SLEEP_ACK) indicating
whether the TRx sleep mode 1s to be continued or a change of
the power saving mode 1s requested with respect to the inquiry
from the OLT 1. The OLT 1 can confirm that there 1s no line
disturbance between the ONU 10 and the OLT 1 by receiving
the SLEEP_ACK.

A case where downlink traffic 1s generated or increased 1n
the TRx sleep mode 1s explained next. When having detected
a change of status of the traflic or generation of new commu-
nication by monitoring the transmission butier 4, the OLT 1
determines whether to change the sleep mode (Step S11), and
when the mode 1s to be changed, transmits a change request
(SLEEP_ALLOW)to the ONU 10. At this time, when having
determined that the traific increases in downlink communi-
cation, the OLT 1 can instruct the ONU 10 to change from the
TRx sleep mode to the Tx sleep mode by transmitting the
SLEEP_ALLOW(Tx). By this command, such an efiect can
be obtained that power consumed by the ONU 10 1s reduced
than in a case where the mode 1s shifted from the TRx sleep
mode to the full service mode (both the Tx and the Rx are in
the on state).

When the power saving mode of the ONU 10 operating 1n
the Tx mode 1s to be canceled, the OLT 1 transmits a change
request (SLEEP_ ALLOW(AWAKE)) to the ONU 10. The
ONU 10 having received the SLEEP_ALLOW(AWAKE)
from the OLT 1 turns on the optical transmitter 141 to shiit to
the full service mode, and transmits a response SLEEP_ACK
(AWAKE) to the OLT 1.

In the example shown 1n FIG. 7, two messages of SLEE-
P_ALLOW and SLEEP_ACK are used for a mode change
between the Tx sleep mode and the TRx sleep mode. How-
ever, as shown 1n FIG. 8, the mode change can be performed

by using three messages of SLEEP_REQ, SLEEP_ALLOW,

and SLEEP_ ACK.

When the mode change 1s performed by using three mes-
sages, for the ONU 10 operating in the power saving mode to
shift to the full service mode, the ONU 10 detects generation
of uplink tratfic based on an amount of data accumulated 1n
the transmission buifer 12, which 1s being monitored, turns on

the optical transmitter 141, and shifts to the full service mode.
Thereatter, the ONU 10 transmits a message SLEEP_REQ

(WAKE UP). Upon reception of the SLEEP_REQ(WAKE
UP), the OLT 1 recogmzes that the ONU 10 has shifted to the
full service mode, and resumes transmission of the Grant in
the full service mode.
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According to the present embodiment, the time during
which the optical transmitter and receiver 14 of the ONU 10
1s turned off can be set individually in the Tx sleep mode and

the TRX sleep mode depending on the power saving mode.
Accordingly, when the 1dle period of the ONU 10 1n the Tx

sleep mode can be longer than the 1dle period of the ONU 10
in the TRx sleep mode, even i1 the acceptable delay time of
downlink data 1s short, power consumption of the ONU 10 1n
the Tx sleep mode can be reduced than that 1n the conven-
tional Tx sleep mode.

Furthermore, the 1dle period depending on the power sav-

ing mode can be changed as required by newly performing
negotiation between the OLT 1 and the ONU 10.

Second Embodiment

In the first embodiment, the PON system that sets different
idle periods depending on the power saving mode has been
explained. In a second embodiment, a case where the OLT 1
torcibly changes the power saving mode 1f the acceptable
delay time of downlink data 1s less than a predetermined
threshold at the time of selecting or changing the power
saving mode 1s explained.

FI1G. 9 1s a flowchart for explaining a process of the control
unit 2 in the OLT 1 according to the second embodiment. The
control unit 2 according to the second embodiment 1s appli-
cable to the communication system according to the first
embodiment, and features regarding to the overall communi-
cation system are similar to those of the first embodiment.

The control unit 2 1s a control device used 1n a master unit
such as the OLT 1, and constituted by combining a digital
signal processor, a general processor, and software. These
processors are mtegrated on a chip by a highly integrated IC
(Integrated Circuit), and functions as the OLT 1 by being
coupled and combined with the optical transmitter and
receiver 5 and the like by a signal line.

The control unit 2 first starts a discovery via the optical
transmitter and receiver 5. In the discovery, because a serial
number of the ONU 10 can be acquired, the control unit 2
accesses the storage device incorporated therein or externally
connected based on the serial number to 1dentify a user who 1s
using the ONU 10. The control unit 2 performs association
between the user and a service contracted by the user (Step
S50). For example, FIG. 12 1s an example of the association,
in which the control unit 2 performs association among the
serial number of the ONU, a user ID, and pieces of service
information such as whether the user signs up for business use
or for general houses. Associated information includes infor-
mation of type of the service line (IPTV, IP phone, and other
Internet services). These service lines have different service
requirements ((QoS) such as guaranteed bands for uplink and
downlink traffic and the acceptable delay time.
Configuration

Subsequently, the control unit 2 starts a configuration of the
ONU 10 corresponding to Step S2 1n FIG. 2. The control unit
2 generates a request message (Get_cmd) 1n order to request
associated information (power_save_attr) of the power sav-
ing function to the respective ONUs 10 and transmits the
request message to the respective ONUs 10 (Step S51). Atthis
time, the control unit 2 can request attribute information of
other ONUSs 10. The attribute information of the ONU 10 1s
information specified in, for example, the ITU-TG.984.4
ONT management and control interface, and the configura-
tion method thereof can be performed 1n similar manner. The
attribute information can be acquired by using information or
a method similar to equivalent standards such as the ITU-T
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(5.988 ONU management and control interface and the next-
generation standard XG-PON to be drawn up 1n future.

The control unit 2 acquires associated information OCi of
the power saving function receirved from each ONU1 by the
optical transmitter and recetver 3 from the buffer or the opti-
cal transmitter and recetver 5 (Step S52), and compares the
serial number of an active ONU 10 identified by the discovery
with the serial number of the ONU 10 having transmitted the
associated information OCi, thereby 1dentitying the ONU 10,
which does not include the associated information OCi of the
power saving function, as an ONU 10 that does not support
the power saving tunction (Step S33). Even when the ONU 10
transmits the associated information OCi indicating that the
power saving function 1s not supported by using a Get_rsp
message, the control unit 2 1dentifies the ONU 10 as an ONU
10 that does not support the power saving function.

The control unit 2 writes the associated information 1n the

storage device or the like incorporated therein, 1n association
with the ONU 10 1n a format shown 1n FIG. 12 (Step S54).
The associated information acquired by the control unit 2
includes not only the power saving mode but also various
parameters related to the power saving function such as the
idle period (a sleep time). Theretore, although not shown 1n
FIG. 12, the control unit 2 also records these various param-
eters 1n the storage device.

The control unit 2 accesses a service database (a storage
device) as shown in FIGS. 12 to 16 to decide the power saving
mode allowed to each of N pieces of ONU1 and a power
saving parameter (Steps S5¢ and S5d). The decision can be
performed by, for example, the following method.

The control unmit 2 reads a service ID contracted by a user
from the storage device (see FIG. 12) based on a user 1identi-
fier (ID) associated with the ONU1, and 1dentifies a power
saving mode F1 prohibited with respect to each service 1D
from respective information tables in FIGS. 13 and 14. At this
time, although the power saving mode prohibited with respect
to the ONU1 can be decided by any algorithm, when a power
saving mode 1s “disapproved” in any of FIGS. 13 and 14, the
control unit 2 sets this power saving mode as the prohibited
power saving mode Fi.

The control unit 2 identifies the power saving mode that
can be supported by the ONU1 itself from the imnformation
table 1n FI1G. 12, and decides a power saving mode AMi to be
allowed by excluding the prohibited power saving mode Fi
from the power saving mode 1dentified here. The power sav-
ing mode AMi to be allowed 1s stored in the storage device.

When having acquired the sleep time from the ONU 10, the
control unit 2 stores the sleep time as an acquired sleep period
(GSTi 1n the storage device (FIG. 15). The sleep time 1s one
parameter associated with the power saving function, and 1t
can be used mstead of the default idle periods T1 and T2 set to
the OLT 1 beforehand. The control unit 2 selects the acquired
sleep period GST1 or the default i1dle period, and stores the
period as a sleep time applied to the ONU 10 1n the storage
device. When the sleep time 1s acquired, 1t 1s assumed that the
acquired sleep period GSTi 1s used.

The control unit 2 can also adjust the sleep time by using a
regulation value or a default value determined beforehand
corresponding to the service, 1n similar manner as the power
saving mode 1s adjusted based on the service information. For
example, when the sleep time notified from the ONU 10 1s
excessively long, communication quality of uplink commu-
nication deteriorates or the downlink traffic can apply com-
pression on the storage area of the reception butier of the OLT
1. Therefore, an adjusted value 1s stored in the storage device
as the acquired sleep period GSTi.
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The control unit 2 also stores a maximum sleep period
MaxSTi acquired from the ONU1 1n the storage device (see
FIG. 16). The maximum sleep period MaxS'T11s a regulation
value when the acquired sleep period GSTi1 1s dynamically
adjusted, and can be preset 1n the OLT 1 instead of acquiring
the maximum sleep period MaxSTi from the ONU 10. The
control unit 2 can use MaxS'T1 as a determination condition of
an alarm such as LOS (loss of signal) or LOB (loss of burst).

The OLT 1 can store the tables in FIGS. 15 and 16, each in
two types of a table stored 1n advance 1mn the OLT 1 and a table
decided as a result of negotiation with the ONU 10.

When having decided an allowed mode AM4i, a sleep time
St1, and the maximum sleep period MaxS'T1 of these power
saving modes for each ONU 10, the control unit 2 notifies
cach ONU 10 of these parameters by using a message (Set_
cmd) (Step S55). Upon reception of the Set_cmd, the ONU 10
records these parameters 1n the storage device of the ONU 10
and uses these parameters for control of the power saving

protocol.
Sleep Mode Control

Control of the sleep mode by the control unit 2 is explained
next with reference to FIG. 10. A connector denoted by [A] in
FIG. 10 indicates that 1t 1s a continuation of a flow shown by
the connector [A] 1n FIG. 9. The control unit 2 performs band
allocation control in the power saving mode at Steps S60 to
S65. The OLT 1 detects the uplink and downlink traffic or the
state of the connected device to the ONU 10 based on the
states of the butfers 3 and 4 of the OLT 1, information trans-
mitted from the ONU 10, and the like. The state information
1s used for band allocation at Step S66 or a shiit determination
to the power saving mode at Step S67.

The control unit 2 checks the current power saving mode of
a target ONU 10, and limits a band allocation amount corre-
sponding to each mode and an opportunity of providing the
Grant (Step S61). When the ONU 10 1s not in the power
saving mode (in the full service mode), the control unit 2 does
not limit the band allocation by the power saving mode. When
the ONU 10 1s 1n the Tx sleep mode, the control unit 2 limits
a band allocation limit B1 of uplink communication to a preset
value or a value determined according to the service (Step
S62). When the power saving mode 1s the TRX sleep mode,
the control unit 2 sets the band allocation limit Bi1 as at Step
S62 (Step S63), and limits the opportunity of the

Grant to once 1n m times (m 1s an iteger equal to or larger
than 1) of the band update cycle (Step S64). For example, the
control umt 2 sets a grant skip tlag GS1 as a flag for not
allocating a transmission opportunity of the band update
cycle. When the grant skip tlag is set at Step S66, the control
unit 2 does not provide the transmission opportunity to the
ONUi1n the cycle. At Step S64, the control unit 2 sets the flag
GS1 (m-1) times 1n m times to provide one transmission
opportunity in m band transmission cycles to the ONU 10.

The band allocation method corresponding to the power
saving mode 1s an example, and the control unit 2 can set
limitation/unlimitation of the band and limitation/unlimita-
tion of the transmission opportunity in each mode, as
required. For example, the control unit 2 can limit the oppor-
tunity of the Grant and uplink data transmission 1n the Tx
sleep mode, or can provide the Grant every time without
performing grant skip with respect to the ONU 10 1n the TRx
sleep mode. The band limitation 1s also arbitrary and, for
example, even 1f the band allocation limit Bi 1s not set, the
allocation amount by dynamic band allocation at Step S66
can be relatively less than other ONUs 10, due to a state where
there 1s no uplink tratfic from the ONU 10 or a band allocation
request value 1s small. In this case, the control unit 2 can
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allocate the band without discriminating the ONU 10 1n the
power saving mode from the ONUs 10 in other states.
When the process described above 1s complete with respect
to all the ONUSs 10, the control unit 2 allocates the band to
cach ONU 10. At this time, the grant skip tlag GS1 and the

band allocation limit B1 are used. The control unit 2 first
removes the ONU1, to which the grant skip tlag GS1 15 set,
from band allocation targets of the next cycle, and allocates
the band to each ONU 10 by using Trailic monitoring DBA
(Dynamic Bandwidth Allocation), a status report DBA, or
combination thereof. At this time, the control unit 2 does not
provide a band exceeding the band allocation limit Bi1 to the
ONU1 1n the power saving mode. When band allocation 1s
complete, the control unit 2 resets the respective GS1 and Bi.

At Step S67, the control unit 2 prepares for generating a
permission signal SLEEP_ALLOW based on a request
(SLEEP_REQ) recerved by the optical transmitter and

receiver 5. A specific process 1s explained later with reference
to FIG. 11.

The control unit 2 controls a change command of the power
saving mode by the OLT 1 at Steps S68 to S75. The OLT 1 can
shift the ONU 10 under the control thereof from the power
saving mode to the full service mode, or can shift the ONU 10
from a certain power saving mode to another power saving
mode, thereby enabling to reduce power consumption etfi-
ciently as the communication system, and to improve the
communication quality.

The control unit 2 detects whether the ONU1 1s 1n the sleep
mode by checking the storage device (Step S69). When the
ONU1 1s not 1n the sleep mode, the control unit 2 checks
whether there 1s a starting factor of the sleep mode (Step S70).
When having determined that there 1s no starting factor, the
control unit 2 proceeds to a process at Step S75, and repeats
similar process for the next ONU1 (an ONU1 1n which a value
11s incremented by 1).

Meanwhile, when the downlink traffic (a downward link)
decreases or the uplink tratfic (an upward link) decreases, the
control unit 2 shifts to the process at Steps S71 and S72 to
prepare for transmitting the SLEEP_ALLOW 1n order to
cause the ONU 10 to shiit to the power saving mode.

When the downlink traffic decreases and the ONU 10 shiits
from the full service mode or the Tx sleep mode to the TRx
sleep mode, the control unit 2 specifies the TRx sleep mode as
the power saving mode (Step S71). When the uplink commu-
nication 1s continued even 1f the downlink traffic decreases,
the TRx sleep mode 1s not selected and the control unit 2
proceeds to aprocess at Step S735. On the other hand, although
there 1s the downlink traffic, when the uplink traffic decreases
and the ONU 10 shafts to the power saving mode, the control
unit 2 specifies the Tx sleep mode as the power saving mode
(Step S72).

At Step S69, when having determined that the ONU1 1s 1n
the sleep mode, the control unit 2 detects a factor of interrup-
tion of the sleep mode (Step S73). When there 1s no factor of
interruption, the control unit 2 continues the sleep mode and
shifts to the process for the next ONU 10. On the other hand,
when the factor of interruption is in an uplink (generation of
uplink traffic equal to or larger than the threshold), the control
umt 2 specifiecs AWAKE to prepare for transmitting the
SLEEP_ALLOW 1n order to halt the power saving mode and
shift to the full service mode (Step S74). When the factor of
interruption 1s 1 a downlink (generation of downlink traffic
equal to or larger than the threshold), the control unit 2 pre-
pares for transmitting the SLEEP_ALLOW('Tx) to cause the
ONU 10 to shift from the TRx sleep mode to the Tx sleep

mode or to continue the Tx sleep mode (Step S72).
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Furthermore, the starting factor and the factor of interrup-
tion of the sleep mode can be any factor, as long as 1t 1s a
reference that can maintain required communication quality,
while suppressing power consumption. As the reference, for
example, there can be mentioned a traflic amount for a certain
period, an amount of data accumulated 1n the buffer, on/off
information of a device connected to the ONU 10, or start of
a NEwW service.

When the processes described above are complete, the
control unit 2 generates a frame 1n which the band allocation
result and the control message such as the SLEEP_ALLOW
are stored and transmits the frame to the ONU 10 (Step S76).
At this time, downlink data can be stored 1n the same frame as
the control message and transmitted together.

The control unit 2 determines whether it 1s a timing at
which a discovery 1s required (Step S77). If the discovery 1s
required, the control unit 2 shifts to the process at Step S1 in
FIG. 9 (see a connector [B]), and if the discovery is not
required, the control unit 2 returns to Step S60 1n FIG. 10 and
shifts to transmission control of the next band update cycle.
Process of Request (SLEEP_REQ)

FIG. 11 1s an example of a preparation process for gener-
ating the SLEEP_ALLOW based on the request
(SLEEP_REQ) recerved by the control unit 2 in the OLT 1.
Upon reception of the SLEEP_REQ from the ONU 10 (Step
S590), the control unit 2 determines whether to permit or
change the request from the ONU 10, and returns the deter-
mination result in a SLEEP_ALLOW message to the ONU
10.

The control unit 2 checks whether the power saving mode
specified inthe SLEEP_REQ as a parameter 1s included in the
allowed modes AM1 of the ONU1 by accessing the storage
device (Step S91). When the power saving mode 1s not speci-
fied, the control unit 2 sets the power saving mode to a default
value of the power saving mode determined beforehand by
the configuration performed at Step S2 or the like 1n FIG. 2
(Step S92). On the other hand, when the specified mode 1s not
included in the allowed modes AMi, the control unit 2
changes the specified mode to the allowed mode or sets rejec-
tion information with respect to the shift to the power saving,
mode (Step S93). When changing the power saving mode
specified by the ONU 10, the control unit 2 needs to change
the power saving mode so as not to interfere with the com-
munication quality.

When the process 1s complete or the specified mode 1s the
allowed mode AMi, the control unit 2 shifts to the next pro-
cess at Step S94. At Step S94, the control unit 2 determines
whether the allowed mode AM1 or the power saving mode in
default setting 1s the TRx sleep mode (Step S94). When it 1s
the TRx sleep mode, the control unit 2 determines whether an
acceptable delay time Tdd of downlink data 1s less than a
predetermined threshold Tth (Step S93). The acceptable
delay time Tdd can be 1dentified by the service ID, the user 1D,
or the like 1n FI1G. 12.

The predetermined threshold Tth can be defined as an
acceptable delay time at an 1ntersection of the Tx sleep mode
and the TRx sleep mode 1n a graph shown 1n FIG. 5. When the
acceptable delay time Tdd of downlink data 1s less than the
threshold Tth, power consumption in the Tx sleep mode 1s
lower than that 1n the TRx sleep mode. When the acceptable
delay time Tdd of downlink data 1s equal to or more than the
threshold Tth, power consumption in the TRx sleep mode 1s
lower than that 1n the Tx sleep mode.

At Step S95, when having determined that the acceptable
delay time Tdd of downlink data is less than the threshold Tth,
the control unit 2 decides to change the allowed mode AMi to
the Tx sleep mode forcibly, and sets the rejection information
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with respect to the shift to the power saving mode (Step S96).
By forcibly changing the power saving mode by the OLT 1,
power consumption of the ONU 10 can be reduced. Even it
the acceptable delay time Tdd 1s equal to or more than the
threshold Tth, the Tx sleep mode 1s not changed to the TRx
sleep mode, because the presence of downlink data needs to
be confirmed. Confirmation of the presence of downlink data
1s performed by processes corresponding to Steps S69 to S75
in FIG. 10.

When the process at Step S96 1s complete, or when having
determined that the sleep mode 1s not the TRx sleep mode at
Step S94 or the acceptable delay time Tdd 1s equal to or more
than the threshold Tth at Step S95, the control unit 2 checks
whether the sleep time specified as the parameter in the
SLEEP_REQ 1s equal to or less than the maximum sleep
pertod MaxSTi1 set in the ONU1 by accessing the storage
device (Step S97). When the sleep time 1s not specified, the
control unit 2 sets the default value S'T1 of the sleep time
determined beforehand by the configuration performed at
Step S2 or the like to the sleep time (Step S98). On the other
hand, when the specified sleep time 1s more than the MaxS'1,
the control unit 2 changes this sleep time to the MaxS'T1 or sets
the rejection information with respect to the shift to the power
saving mode (Step S99).

When the process 1s complete or when “sleep
time=MaxST1”, the control unit 2 records power saving mode
information PSi1 as information of the power saving mode of
a corresponding ONU1 in the storage device, and sets the
timing of the Grant at Steps S64 and S66 in FIG. 10 and a
sleep time to a timer PST1, which 1s a reference for suppress-
ing an alarm during in the power saving mode (Step S100).

When the process 1s complete, the control unit 2 repeats the

process described above with respect to all the received
requests SLEEP_REQ (Step S101).

Third F

Embodiment

In the embodiments described above, the PON system that
sets different 1dle periods in the Tx sleep mode and the TRx
sleep mode has been explained. In a third embodiment, a PON
system that sets different idle periods in the uplink and down-
link 1s explained.

FIG. 17 1s a sequence diagram depicting a communication
protocol at the time of a sleep mode of the present embodi-
ment. In FIG. 17, like reference signs i FIG. 7 or FIG. 8
represent like sequences. In the commumnication system, at a
configuration step (Step S2), the OLT 1 transmits a sleep_
timel for the uplink and a sleep_time2 for the downlink to the
ONU 10. The sleep_timel indicates a period during which
power consumption of the optical transmitter 141 1s reduced
(the 1dle period of the optical transmitter 141), and the sleep_
time2 idicates a period during which power consumption of
the optical recetver 142 1s reduced (the idle period of the
optical receiver 142).

The ONU 10 performs a power saving operation based on
the received sleep parameter. A period P2 1n FIG. 17 1s a Tx
sleep mode period, during which the ONU 10 repeats an
operation of reducing power consumption of the optical trans-
mitter 141 for a period of the sleep_timel, while maintaiming
the recerving function of the optical recerver 142. Further-
more, a period P3 1s a TRx sleep mode period, during which
the ONU 10 repeats an operation of reducing power con-
sumption of the optical recerver 142 for a period of the sleep_
time2, and reducing power consumption of the optical trans-
mitter 141 for a period of the sleep_timel. In FIG. 17, Tx
denotes a period during which the transmitting function of the
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optical transmitter 141 1s on, and Rx denotes a period during
which the receiving function of the optical receiver 142 1s on.

By setting a plurality of idle periods in this manner, the
communication system according to the present embodiment
can arbitrarily adjust conflicting parameters of a delay time
and power consumption as in the embodiments described
above.

An operation of the communication system 1s explained
below. To indicate wvarious modifications, in FIG. 17,
examples of the communication procedure different from
FIGS. 7 and 8 are shown as well as the sleep parameters. Inthe
configuration after the discovery process (Step S2), the OLT
1 transmits a get command message to the ONU 10, to
request transmission of the sleep parameter to the ONU 10.

Although not shown 1n FIG. 17, the OLT 1 specifies an 1den-

tifier of the parameter desired to acquire 1n the get_command
message. The ONU 10 having received this message reads the
sleep parameter stored in the own device from the storage
device, and transmits the read parameters to the OLT 1 by
using a get_response message.
The following parameters are transmitted as the sleep
parameters.
Tx_1nit: a time required for the optical transmitter 141 to
return to the operating state from the 1dle state
TRx_1nit: a time required for the optical transmitter and
receiver 5 (the optical transmitter 141 and the optical
receiver 142) to return to the operating state from the idle

state
Capability: information of a power saving mode that can be

performed by the ONU 10 (for example, Tx, TRx, or Tx
and Rx)

The Tx_1mit and TRx_1nit can be expressed by an MPCP
counter value 1n a unit of 16 nanoseconds, or can be expressed
by the number of band update cycles when the band update
cycle 1s 125 microseconds.

Upon reception of the sleep parameter from the ONU 10,
the OLT 1 decides the sleep_timel for the uplink, the sleep_
time2 for the downlink, and the sleep mode (allowed_mode)
allowed to the ONU 10, and transmits these to the ONU 10 by
using a Set_command message. The sleep_timel and the
sleep_time2 can be decided by any method, and the method
thereot 1s not particularly limited.

An example of the decision method 1s a method of deciding
an arbitrary sleep_timel based on the Tx_1init as a least time
and deciding the sleep_time2 based on the TRx_init as a
mimmum time. To increase the power saving eflect, a value
larger than the Tx_1nit and the like can be set as the sleep_
timel and the sleep_time2. Furthermore, the OLT 1 can
acquire a time required for the optical recerver 142 to return to
the operating state from the 1dle state instead of the TRx_init
from the ONU 10, thereby deciding the parameter based on
the sleep_time2. Upper limits of the sleep_timel and the
sleep_time2 can be limited based on the acceptable delay
time. Further, the OLT 1 can acquire these upper limit values
from the ONU 10 as the sleep parameters.

As another decision method, the sleep_timel, the sleep_
time2, and the sleep mode to be allowed can be decided
according to the service to be offered to a user. As another
method, a method 1n which an arbitrary parameter 1s set to the
OLT 1 by an operator or the like of the network can be used,
or amethod 1n which the OLT 1 has a parameter table for each
time period so that these parameters are changed according to
the time period. Alternatively, a method of deciding the
sleep_timel and the sleep_time2 based on the type of the
terminals 20-1 and 20-2 connected to the ONU 10 and based

on an application currently being executed can be used.
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The ONU 10 stores the sleep parameters recetved from the
OLT 1 in the own device, and performs the power saving
operation based on these parameters.

In the communication system shown in FIG. 17, as an
example of the power saving protocol, such a protocol 1s used
that the OLT 1 transmits a sleep permission (the Sleep_allow
message) to the ONU 10 beforehand, and the ONU 10 having
the permission notifies the OLT 1 of shifting to the sleep state
at an arbitrary timing (a Sleep_request message), thereby
performing the power saving operation. The OLT 1 deter-
mines that the ONU 10 can shift to the power saving state
based on the downlink communication status and the like, and
grants a permission to the ONU 10 by using the Sleep_allow
message. The Sleep_allow message includes information of
“ON” indicating a permission or “OFF” indicating a non-
permission and return from the power saving state, as param-
eters.

Upon reception of the Sleep_allow message, the ONU 10
stores information that the power saving operation 1s allowed.
The ONU 10 having been granted the permission does not
need to shift to the power saving mode, and can determine
whether to shift to the power saving state independently,
based on the amount of information accumulated in the trans-
mission buifer 12 of the ONU 10, the service being offered to
the user, the type, operation state, and the like of the con-
nected terminals 20-1 and 20-2.

The ONU 10 having decided to shift to the power saving,
state specifies the sleep mode to be used and transmits a
Sleep_request message to the OLT 1. When there 1s only one
mode allowed beforehand by the allowed_mode, 1t can be
skipped to specily the sleep mode. The ONU 10 having trans-
mitted the Sleep_request message reduces power consump-
tion of the optical transmitter and receiver 5 depending on the
decided sleep mode (1n this case, the Tx sleep mode). In this
example, the ONU 10 repeats the operation of turming oif the
optical transmitter 141 for a period indicated by the sleep_
timel.

Although not shown 1n FIG. 17, transmission and reception
of a transmission-band allocation notice (Grant or Gate) by
the OLT 1, transmission and reception of a control message
such as a band allocation request (Report) by the ONU 10, and
transmission and reception of data are performed 1n a normal
way.

Power saving is stopped in two cases. One case 1s when the
OLT 1 transmits a Sleep_allow(OFF) message indicating
cancellation of the power saving permission, and the other
case 15 when the ONU 10 1tself cancels the power saving
operation spontancously, specifies “Awake” information
indicating cancellation, and transmits a Sleep_request mes-
sage to the OLT 1.

An operation 1 the TRx sleep mode period (P3) is
explained next. The ONU 10, to which a shiit to the power
saving state 1s allowed, specifies information indicating the
TRx sleep mode and transmits a Sleep_request message, at
the time of shifting to the TRx sleep mode. The OLT 1 having
received the message stores information that the ONU 10 has
shifted to the TRx sleep mode as 1n the case of the Tx sleep
mode, and uses this information for band allocation and alarm
monitoring control.

When having shifted to the TRx sleep mode, the ONU 10
performs control to reduce power consumption of the optical
transmitter and recerver 5. At this time, the ONU 10 reads
sleep parameters (the sleep_timel and the sleep_time2)
stored 1n advance from a memory 1n the own device, halts the
transmitting function for a period based on the sleep_timel,
and halts the recerving function for a period based on the
sleep_time?2.
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In setting of the sleep parameters shown i FIG. 17, the
sleep_timel 1s setlonger than the sleep_time2, and the optical
receiver 142 1s operated more frequently than the optical
transmitter 141. Therefore, the power saving effect of the
optical transmitter 141 can be increased, and the ONU 10 can
receive the transmission-band allocation notice (Grant or
(Gate) more frequently. Accordingly, when transmission 1s
required, the ONU 10 can transmit data 1n the allocated trans-
mission band by canceling the power saving state of the
optical transmitter 141. Consequently, 1n this communication
system, a higher power saving effect and a low delay effect
can be realized.

In the case of such setting, the OLT 1 can provide one or a
plurality of transmission bands 1n the future band allocation
cycle, taking an operating time of the optical transmitter 141
(Tx_1nit) of the ONU 10 into consideration.

FIG. 18 depicts a communication sequence when the
sleep_timel 1s set to be shorter than the sleep_time2. The
communication sequence can achieve an advantageous effect
when the delay time required 1in uplink communication 1s
short or a data rate continuously transmitted in the uplink 1s
higher than a data rate received 1n the downlink. At this time,
the OLT 1 operates to provide one or a plurality of transmis-
s1on bands to the ONU 10 beforehand so that transmission can
be performed when the receiving function of the ONU 10 1s
halted corresponding to the sleep_time2.

FIG. 19 depicts a communication sequence in which a
transient operating time at the time of the power saving opera-
tion can be variably controlled. At a configuration step S2, the
OLT 1 specifies a transient operating time and transmits a
set_command message. In this example, an aware_timel as a
transient operating time for the uplink and an aware_time2 as
a transient operating time for the downlink are set in the
set_command message. However, the OLT 1 can specily one
aware timel.

The ONU 10 having received the set_command message
stores therein these sleep parameters, and controls the power
saving operation based on these parameters. The aware_
timel and the aware_time2 can be expressed by the MPCP
count value by a scale of 16 nanoseconds as 1n the sleep_
timel, or can be expressed by the number of band update
cycles when the band update cycle 1s 125 microseconds.

When transiently operating the optical transmitter 141 dur-
ing the power saving operation, the ONU 10 maintains the
transmitting function of the optical receiver 142 to be on at
least for a period indicated by the aware_timel after opera-
tion. Because the OLT 1 can specily a transmittable period
during which the ONU 10 can transmit data based on the
aware_timel and the sleep_timel, the OLT 1 can allocate a
transmission band during the transmittable period. The OLT 1
can allocate a transmission band to the ONU 10 as well 1n a
period other than the transmittable period because of decreas-
ing the delay time or the like.

When transiently operating the optical transmitter 141, the
ONU 10 maintains the recerving function of the optical
receiver 142 to be on at least for a period specified by the
aware_time?2 after starting operation. Because the OLT 1 can
specily a receivable period during which the ONU 10 can
receive data based on the aware_time2 and the sleep_time?2,
the OLT 1 transmits at least one of a control signal such as a
grant or sleep_request and data 1n the recervable period. The
grant (or the gate) to be transmitted 1n the recervable period is
significant because the grant (or the gate) 1s used for keep-
alive determination of the ONU 10. The OLT 1 monaitors at all
times whether the communication with the ONU 10 1s effec-
tively maintained. When there 1s no response from the ONU
10 for a certain period according to a timer incorporated
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therein, the OLT 1 determines that a fault has been generated
in communication with the ONU 10 and cancels a link with
the ONU 10. Because the response signal 1s transmitted by
using the transmission band allocated by the grant (or the
gate), the OLT 1 needs to transmit the grant in the allocated
receivable period, to provide a transmission opportunity to
the ONU 10 1n a normal way.

In this communication system, the transient operating time
can be controlled, and a transmission timing and a reception
timing can be arbitrarily controlled. For example, by setting a
long transient operating time and decreasing operation fre-
quency, a higher power saving effect can be acquired. As
shown by parameters such as the Tx_init and TRx_1nit, the
optical transmitter and recerver 3 requires an operating time at
the time of shifting from the 1dle state to the operation state.
Therefore, operation needs to be started earlier than the time
actually required for transmission and reception, and power 1s
consumed also 1n the operating time. The same holds true
aiter the transient operating time ends. Therefore, by decreas-
ing the frequency of the transient operating time, power con-
sumed for the operating time and the like can be decreased.

Control of the power saving operation performed by the
control unit 11 of the ONU 10 1s explained next. F1GS. 20 and
21 depict control performed by the control unit 11. The con-
trol can be realized by a dedicated electronic circuit, or the
similar function can be realized by describing this algorithm
in a programming language and causing a general-purpose
processor to execute the algorithm as software. FIG. 20
depicts a transmission process, and FIG. 21 depicts a recep-
tion process. The transmission process and the reception pro-
cess are performed 1n parallel.

Power saving control in the transmission process in F1G. 20
1s explained first. At Step S110, the control unit 11 determines
the current operating mode based on mode mformation and
the like stored 1n the memory or the like. When the operating
mode 1s 1n the normal communication state, that 1s, 1n the full
service mode using the transmission and receirving functions,

the control unit 11 detects the amount of data accumulated in
the reception buffer 13 and operating states of the connected
devices (the terminals 20-1 and 20-2) (Step S111).

The control unit 11 then determines whether to shift to the
sleep mode based on the detected states. For example, when a
statistical amount of data in the transmission and reception
buifers 12 and 13 1s equal to or less than a preset value, and
when all the terminals 20-1 and 20-2 as the connected devices
are halted, the control unit 11 shiits the mode to the sleep
mode, for example, when the type of application currently
being executed by the terminals 20-1 and 20-2 allows delay.
Because the shiit to the sleep mode 1s performed by presup-
posing that a sleep permission, that 1s, Sleep_allow(ON) 1s
received from the OLT 1 and the permission 1s not canceled,
the control unit 11 refers to the information of the sleep
permission stored in the own device to determine whether to
allow the shiit.

Selection of the sleep mode 1s performed by checking the
communication state, the state of the connected device, and
the type of the application to be executed, respectively for the
uplink and downlink. The control unit 11 determines the sleep
mode for the optical transmitter 141 based on the state of the
uplink, and the sleep mode for the optical recerver 142 based
on the state of the downlink. Because 1t may be required to
receive the grant frequently depending on the requirement of
uplink communication, the control unit 11 selects the sleep
mode not only for the optical transmitter 141 but also for the
optical recerver 142 depending on the state of the uplink, so as
to satisty the required communication conditions.
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At the time of selecting the sleep mode, the control unit 11
does not select an unallowed sleep mode as the mode to be
used, by referring to the allowed_mode received at the con-
figuration step S2.

Atthe time of shifting to the sleep mode, the control unit 11
generates a Sleep_request message (Step S133), and inserts
information corresponding to the sleep mode selected at Step
S112, for example, Tx and TRx 1nto the Sleep_request mes-
sage.

When Step S133 1s complete, and when having determined
not to shift to the sleep mode at Step S112, the control unit 11
performs the process at Step S113. The control unit 11 creates
transmission data and control data as a payload to be stored in
a transmission {rame. The control unit 11 also creates band
request information (report) based on the amount of data or
the like stored 1n the reception builer 13. The control unit 11
creates a transmission frame (Step S115). The created pay-
load and band request information are stored in a frame in a
lower layer. The Sleep_request to be created at Steps 5126,
S132, and S133 1s also included 1n the information to be
stored.

When transmission preparation of the frame 1s complete,
the control unit 11 waits until the time specified by an allo-
cation notice of the transmission band without transmitting
the frame (Step S116). The control unit 11 can perform other
processes 1n parallel until the transmission start time 1s
reached. When the transmission time 1s reached, the control
unit 11 transmuits the transmission frame to the OLT 1 via the
optical transmitter 141 (Step S117).

Subsequently, the control unit 11 determines whether to
shift to the sleep mode (Step S118). When the mode 1s to be
shifted, the control unit 11 cuts power to the optical transmit-
ter 141 or performs a process ol decreasing power to the
optical transmitter 141 (Step S119). Necessity of shiit to the
sleep mode 1s determined according to the determination
result at Step S112. At Step S130, when i1t 1s determined that
it 1s necessary to cut or decrease supply power after the
transient operating time, the above process 1s also performed
at Step S119.

The control unit 11 starts measurement of time by a timer
(hereinafter, “timer S”’) for measuring the 1dle period. The
sleep_timel 1s set to the timer S, and when the sleep_timel
has passed aiter the start of measurement, the control unit 11
can ascertain the end of the idle period.

Subsequently, the control unit 11 determines whether to
end the communication (Step S120). When it 1s determined
not to end the communication, the control unit 11 returns to
Step S110 to repeat the above process.

An operation during the idle period 1n the sleep mode 1s
explained next.

At Step S110, when having determined that the current
operating state of the ONU 10 1s such that the ONU 10 1s
operating 1n the 1dle period 1n the Tx or TRx sleep mode, the
control unit 11 determines whether the timer S has finished,
that 1s, whether the 1dle period based on the sleep_timel has
ended (Step S121). When the 1dle period has ended, the
control unit 11 stops the timer S (Step S122), recovers the
transmitting function of the optical transmitter 141, and stops
decreasing or cutting power to the optical transmitter 141
(Step S123). The control unit 11 starts measurement of an
clapsed time by another timer (hereinafter, “timer A””) in order
to measure the transient operating time (Step S124). Timer
information set here 1s an Aware timel indicating the tran-
sient operating time of the optical transmitter 141.

When having determined that the timer S has not finished
at Step S121, the control unit 11 determines whether 1t 1s
required to end the sleep mode and shift to the full service
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mode, that 1s, whether i1t 1s required to cancel the power saving
operation and shift to an awake state (Step S125). Atthis time,
cancelling conditions of the sleep mode are as described
below. A first condition 1s whether a message Sleep_allow
(OFF) for canceling the sleep permission has been received
from the OLT 1. A second condition 1s whether the states of
the buffer and the connected devices are detected as at Step
S111 and a condition opposite to the condition at the time of
shifting to the sleep mode has been detected. When the mes-
sage has been received, or the opposite condition has been
detected, the ONU 10 ends the sleep mode.

When the sleep mode 1s to be ended, the control unit 11
creates a Sleep_request message including information
(“awake™) indicating cancellation of the sleep mode, and
stops the timer S (Step S126). The Sleep_request message 1s
transmitted 1n a subsequent process at Step S117. The control
unit 11 turns on the optical transmitter 141 as 1n the process at
Step S123 (Step S127). On the other hand, when the sleep
mode 1s not to be ended, the control unit 11 returns to Step
S110.

Because the control unit 11 determines whether to cancel
the sleep mode in the 1dle period and recovers the transmitting
function, the ONU 10 can promptly restart transmaission and
can decrease the delay time. Even 1n the idle period, the
control unit 11 can create a payload as at Step S113.

An operation during the transient operating time in the
sleep mode 1s explained next.

When having determined that 1t 1s the transient operating,
time at Step S110, the control unit 11 determines whether the
timer A has fimshed (Step S128). When the timer A has
finished, the control unit 11 stops the timer A (Step S129), and
prepares for decreasing or cutting power to the optical trans-
mitter 141. Because the power 1s actually decreased or cut at
Step S119, the control unit 11 stores information nstructing,
to decrease or cut the power in the memory or a register at
Step S130. When 1t takes a time since the instruction of power
cut until power to the optical transmitter 141 1s actually cut
and transmission of the frame at Step S117 can be performed,
the control unit 11 can perform a process to transmit a signal
for instructing to decrease or cut power to the optical trans-
mitter and receiver 5 or to stop power supply at Step S130.

When having determined that the timer A has not finished
at Step S128, the control unit 11 determines whether to cancel
the sleep mode as at Step S125 (Step S131). When the sleep
mode 1s to be canceled, the control unit 11 creates a Sleep_re-
quest as at Step S126, and notifies the OLT 1 of cancellation
of the sleep mode (Step S132). The control unit 11 then stops
the timer A.

In this manner, the control unit 11 can effectively perform
the power saving control of the ONU 10 by using the timer S
for the sleep_timel and the timer A for the aware_timel.

The power saving control in the reception process 1s
explained next with reference to FI1G. 21.

At Step S140, the control unit 11 first determines the cur-
rent operating mode based on the mode information and the
like stored 1n the memory or the like. When the operating
mode 1s 1n the normal communication state, that 1s, 1n the full
service mode using the transmission and receiving functions,
or in the Tx sleep mode, the control unit 11 detects the
communication state and the operating states of the con-
nected devices (the terminals 20-1 and 20-2) as at Step S111
in FIG. 20 (Step S141).

The control unit 11 then extracts the frame stored in the
reception builer or the like by performing the reception pro-
cess (Step S143), and extracts the payload from the frame to
perform the process according to the payload (Step S144).
The payload includes a control message, and the control unit
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11 determines the control message by the 1dentifier or the like
ol the message to perform the process according to the type of
the control message.

The control unit 11 determines whether to shift to the TRx
sleep mode, and when the mode 1s to be shifted, performs a
process ol cutting or decreasing power to the optical receiver
142. When the optical transmitter and recetver 5 has a func-
tion of halting a part or all of the transmission process or the
reception process, the control unit 11 can perform the process
by transmitting a control signal to the optical transmitter and
recerver 5. Furthermore, when the control unit 11 can control
clectric current to the optical transmitter 141 or the optical
receiver 142 directly supplied from a power circuit, the con-
trol unit 11 controls the power circuit or a relay circuit
between the transmitter and the power circuit, thereby stop-
ping power supply. The power control for cutting power at
this step 1s performed not only for a case of newly performing
the sleep mode but also for a case where 1t has been deter-
mined that the transient operating time has ended at Step S159
described later.

When power to the optical recerver 142 is cut 1n order to
shift to the TRx sleep mode, the control unit 11 starts mea-
surement of time by a timer S based on the sleep_time2. This
timer S 1s different from the timer S 1n FIG. 20 for measuring,
the time related to the sleep_timel, and 1s used for measuring,
the 1dle period of the optical recerver 142.

The control unit 11 then determines whether to cancel the
sleep mode as at Steps S125 and S131 in FIG. 20. When the
sleep mode 1s to be canceled, the control unit 11 stops the
timer S and a timer A described later, and stores a mode
change in the memory or the like (Step S152). Subsequently,
the control unit 11 determines whether to end the communi-
cation, and when the communication 1s not to be ended,
returns to the process from Step S140.

The process 1n the 1dle period 1n the TRx sleep mode 1s
explained next.

When having determined that the state 1s 1n the 1dle period
in the TRx sleep mode at Step S140, the control unit 11
determines whether the timer S has finished (Step 153). When
the timer S has not finished, the control unit 11 proceeds to
Step S144 to perform the process for recerved data accumu-
lated 1n the optical receiver 142. When the process for the
received data accumulated in the reception buffer 1s not
required during a period during which the receiving function
of the optical recerver 142 1s halted, the control unit 11 can
return to the process at Step S140 to continue a standby state.

When the timer S has fimished, the control unit 11 stops the
timer S (Step S154), and stops cutting or decreasing power to
the optical receiver 142, and restarts normal power supply
(Step S1535). The control unit 11 starts time measurement by
the timer A related to the aware_time2, and starts measure-
ment of tlmmg at which the time speuﬁed by the aware_
time2 passes since the start of transient operation (Step S156).
The timer A can measure a time different from the timer A
related to the aware timel. The control unit 11 stores therein
information that the mode has shifted to an aware state (a
transient operation state), and starts a frame reception process
at Step S143.

An operation during the transient operating time 1n the TRx
sleep mode 15 explained next.

When having determined that the current state 1s a state in
the transient operating time at Step S140, the control unit 11
determines whether the aware time2 has finished based on
the timer A 1n order to detect end of the transient operating,
time (Step S157). When the aware_time2 has not finished, the
control unit 11 continues the reception process and the like
from Step S141. On the other hand, when the aware time?2
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has finished, the control unit 11 starts the process of cutting or
decreasing power to the optical recerver 142 as at Step S152
(Step S159). At this time, the control unit 11 stores therein a
state change from the transient operation state to the idle state,
and proceeds to the process from Step S141.

As described above, because the control unit 11 can adjust
power to the optical recerver 142 by using the timer S related
to the sleep_time?2 and the timer A related to the aware_time?2,
the power saving operation of the ONU 10 can be effectively
controlled. It should be noted that, although the sleep_timel
and the sleep_time2 are set to different values 1n the commu-
nication sequence in FIG. 19, a case where the sleep_timel
and the sleep_time2 can be set to the same value and the
aware timel and the aware time2 can be set to different
values also enables transmission and reception rates, power

consumption, and the delay time to be adjusted appropriately.
It should be also noted that, although the ONU 10 acquires
a sleep permission from the OLT 1 beforehand and the ONU
10 having the sleep permission shifts autonomously to the
sleep mode at a certain timing in the communication
sequence from FIG. 17 to FIG. 19, this sleep protocol 1s an
example, and the power saving operation of the present
embodiment can be also controlled by using other sleep pro-
tocols explained 1n the first and second embodiments.
While embodiments of the present invention have been
explained above, the present invention is not limited to these
embodiments, and any modification can be made within the
scope of the present invention. For example, a communica-
tion system to which the communication method 1s applied
does not need to be the PON system, and the communication
method can be applied to an optical communication system
using an active element. Furthermore, the communication
method can be applied not only to the optical communication,

but also a communication system in which communication
between terminals 1s performed by using an electric signal.

Fourth Embodiment

Several examples are explained for a communication
sequence 1n which the idle period 1s set corresponding to each
sleep mode. The sequence explained 1n the present embodi-
ment 15 1dentical to that of the first and second embodiments
such that the 1dle period 1s set for each mode and 1s basically
based on the communication system according to the first and
second embodiments.

FIG. 22 depicts a communication sequence of the present
embodiment. Step S2 (the configuration step) 1s also referred
to as “capability discovery step”, which 1s a process in which
the OLT 1 newly becomes active to detect capability of the
ONU 10, particularly, capability of the power saving func-
tion. At this step, the ONU 10 notifies the OLT 1 of request
values as the ONU 10 for the sleep_timel and the sleep_time2
corresponding to each mode. The sleep_timel and the sleep_
time2 can be, respectively, a numerical value of a minimum
value allowed or a maximum value allowed for the sleep time,
or can be mnformation directly associated with the capability
of the transmitter and receiver as 1n the third embodiment.

At the time of allowing the ONU 10 to shiit to the sleep
mode, the OLT 1 transmits a SLEEP_ALLOW message by
speciiying allowed modes. The ONU 10 can select a sleep
mode to be used. When shifting to the Tx sleep mode, the
ONU 10 selects the sleep_timel (corresponding to T1 1n the
first embodiment), and sets the sleep_timel to the timer to
measure the 1dle time. When shifting to the TRx sleep mode,
the ONU 10 sets the sleep_time2 (corresponding to T2 in the
first embodiment) to the timer to measure the idle period. At
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the time of shifting to the sleep mode, the ONU 10 can
arbitrarily select whether to transmit the SLEEP_ACK.

FIG. 23 depicts a modification of the commumnication
sequence 1 FIG. 22, 1n which the OLT 1 inserts two sleep
parameters such as the sleep_timel corresponding to the Tx
sleep mode and the sleep_time?2 corresponding to the Tx sleep
mode mto the SLEEP_ALLOW message to send the message
to the ONU 10. The OLT 1 can also insert two sleep param-
cters such as the sleep_timel corresponding to the optical
transmitter 141 and the sleep_time2 corresponding to the
optical recerver 142 ito a similar message, to control the
ONU 10 as 1n the third embodiment.

FI1G. 24 depicts a sequence in which the OLT 1 inserts two
sleep parameters such as the sleep_timel corresponding to
the Tx sleep mode and the sleep_time2 corresponding to the
Tx sleep mode mto the SLEEP_ALLOW message, without
specilying a sleep mode. In the sequence, the OLT 1 notifies
the ONU 10 of the allowed sleep modes beforehand at Step
S2. When the allowed sleep mode 1s not regulated, the OLT 1
does not need to transmit the Set command.

FI1G. 25 depicts a process in which the control unit 11 of the
ONU 10 selects the 1dle period (the sleep_time]l or the sleep_
time2) corresponding to the sleep mode. Upon reception of
the SLEEP_ALLOW message (Step S170), the control unit
11 selects the sleep mode as 1n the embodiments described
above (Step S171).

When having selected the Tx sleep mode, the control unit
11 controls the optical transmitter 141 to the power saving
state (Step S172), and selects the sleep_timel as the idle
period to start measurement by the timer (Step S173). In the
Tx sleep mode, the reception process 1s performed (Step
S174), and at Steps S175 and S176, when canceling sleep
betfore finish of the sleep_timel, the control unit 11 cancels
the power saving state of the optical transmitter 141 (Step
S177) and returns to the normal transmission and reception
process. Otherwise, the control unit 11 returns to the recep-
tion process at Step S174.

Meanwhile, when having selected the TRx sleep mode, the
control unit 11 controls the optical transmitter and the optical
receiver 142 to the power saving state (Step S178), and selects
the sleep_time?2 as the 1dle period to start measurement by the
timer (Step S179). The control unit 11 then maintains the
power saving state until the timer finishes, and when the timer
finishes (Step S180), cancels the power saving states of the
optical transmitter 141 and the optical recerver 142 (Step
S181) to return to the normal transmission and reception
process. The control unit 11 can perform control for canceling,

the power saving state due to an increase 1n the transmission
rate or the like before the timer finishes.

In the first to fourth embodiments, the control for control-
ling the optical transmitter and receiver 3 to the power saving
state can be performed not only by cutting power to the
optical transmitter 141 and the optical receiver 142 but also by
halting a part of the transmitting function or the receiving
function, thereby suppressing power consumption. When the
optical transmitter 141 includes a circuit such as a laser diode,
a laser diode driver, or a signal conditioner, the control unit 11
can suppress power consumption by halting a part of these
components and controlling remaining components to be
active. Furthermore, when the optical recerver 142 includes a
photodiode, a photodiode power circuit, a transimpedance
amplifier, or a limit amplifier, the control unit 11 can suppress
power consumption by halting a part of these components and
controlling remaining components to be active. When the
optical transmitter and receiver 5 has a microcomputer 1ncor-
porated therein, the control unit 11 can control on or oif of the
microcomputer.
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In the present embodiment, the OLT 1 instructs a shiit to
the power saving mode or conditions (parameters) to the
ONU 10 by taking the function of the ONU 10 or a service to
be offered into consideration, so that the OLT 1 can control
the power saving function on the communication system.
Regarding this function, 1t 1s an option whether the OLT 1
transmits a transmission permission signal based on the asso-
ciated information of the power saving function.

The Tx sleep mode and the TRx sleep mode have been
exemplified above as the power saving mode. However, the
power saving mode and the protocol thereof are not limited
thereto. The name of the Tx sleep mode can be changed to a
sleep mode 1, the name of the TRx sleep mode can be changed
to a sleep mode 2, and the corresponding mode parameters
can be encoded such that the sleep mode 1 1s denoted as “17,
and the sleep mode 2 1s denoted as “2”. Further, 1n the first to
third embodiments, the power saving operation using the Tx
sleep mode and the TRx sleep mode has been explained.
However, an Rx sleep mode 1n which only the optical recerver
142, ofthe optical transmitter 141 and the optical recerver 142
provided 1n the ONU 10, 1s controlled to the power saving
state can be used together with other sleep modes. In this case,
the transmission band 1s allocated beforehand from the OLT
1 before shifting to the power saving state or allocated 1n a
fixed manner.

Fifth Embodiment

A PON system that selects a power saving mode based on
power consumption 1s explained next. FIG. 26 1s a configu-
ration example of a PON system according to the present
embodiment. As shown in FIG. 26, the PON system accord-
ing to the present embodiment includes the OLT 1 and ONUSs
10a-1to 10a-3 (slave stations). The OLT 1 1s similar to that of
the first embodiment. The ONU 10a-1 1s similar to the ONU
10-1 of the first embodiment except for a feature that a power-
consumption-information storage unit 17 1s added and a con-
trol unit 11a 1s provided instead of the control unit 11. The
ONUs 10a-2 to 10a-3 have similar configuration to that of the
ONU 10a-1. Constituent elements 1n the fifth embodiment
having a function i1dentical to those 1n the first embodiment
are denoted by like reference signs in the first embodiment
and explanations thereof will be omitted.

The control unit 11a of the ONU 10a-1 includes a power-
saving-mode selection umt 18. The operation of the control
unit 11a of the ONU 10a-1 other than an operation involved
with an operation of the power-saving-mode selection unit 18
1s similar to that of the control unit 11 of the ONU 10-1
according to the first to fourth embodiments. As 1n the first
and second embodiments, an example of setting the 1dle peri-
ods different in the Tx sleep mode and the TRx sleep mode 1s
explained below. However, the present embodiment can be
applied similarly to a case where the 1dle periods respectively
corresponding to the optical transmitter 141 and the optical
receiver 142 are set as in the third embodiment, with only a
calculation method of “idle perniod/transient operating time”
described later being different.

FIG. 27 1s an example of power consumption in each power
saving mode. A power saving characteristic 200 indicates a
power consumption characteristic of the Tx sleep mode, and
a power consumption characteristic 201 indicates a power
consumption characteristic 1n the TRx sleep mode. In FIG.
277, the “1dle period/transient operating time” 1s plotted on a
horizontal axis, and power consumption normalized by
assuming power consumption in the full service mode as 1 1s
plotted on a vertical axis. As the 1dle period, an 1dle period of
one pause (intermittent 1dle period) 1in the power saving mode
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in which a pause 1s taken intermittently 1s shown, and the
transient operating time indicates a transient operating time
alter the 1dle period. As shown 1n FI1G. 27, regarding power
consumption of the ONU 10qa, the TRx sleep mode in which
both the transmission and reception are halted has a larger
power saving eifect than the Tx sleep mode in which only a
transmission side 1s halted. The power saving eflect becomes
larger as the 1dle period becomes longer with respect to the
transient operating time in both power saving modes. In this
manner, power consumption 1n the respective power saving,
modes depends on the “idle period/transient operating time”,
which 1s a ratio between the 1dle period and the transient
operating time.

Specific characteristics of the power saving effect such as
the power consumption characteristics 200 and 201 depend
on implementation of the ONU 10a and 1s a value that can
been known by a manufacturer of the ONU 10a. In the present
embodiment, the ONU 10a stores the power consumption
characteristics 200 and 201 as the power consumption infor-
mation 1n the power-consumption-information storage unit
17 as a database. The power-saving-mode selection unit 18
obtains power consumption based on the “idle period/tran-
sient operating time” and the power consumption information
for each power saving mode and selects a power saving mode
having less power consumption.

While an example 1n which the power consumption char-
acteristics 200 and 201 are stored as the database 1s exempli-
fied here, a calculation formula for obtaining power con-
sumption based on the “idle period/transient operating time”
by polynomial approximation or the like 1s set, and the power-
saving-mode selection unit 18 can obtain power consumption
in each power saving mode by calculation using the calcula-
tion formula. The ONU 10a can store not only the format of
the database, but also the power consumption information as
information of a table or the like storing a threshold, and a
storing method of the power consumption information and a
calculation method of the power saving mode based on the
power consumption characteristics 200 and 201 are not lim-
ited to the examples described above.

In the present embodiment, the power-consumption-inior-
mation storage unit 17 1s provided outside of the control unit
11a. However, the power-consumption-information storage
unit 17 can be provided 1n the control unit 11a. Furthermore,
the power-saving-mode selection unit 18 can be provided
outside of the control unit 11a.

An operation example of the present embodiment 1s
explained next. FIG. 28 1s a sequence diagram depicting an
example of a power-saving-mode setting procedure 1n the
present embodiment. As explained 1n the above-described (a)
to (d) of the first embodiment and 1n the fourth embodiment,
there are various transition procedures to the sleep mode, and
any procedure can be used so long as 1t1s a procedure 1n which
the ONU 10a selects a power saving mode. As in the above-
described (a) of the first embodiment (a case where the OLT
1 makes an inquiry and the ONU 10 decides the power saving
mode), and as 1n the example 1n FIG. 22, an example in which
in the ONU configuration at Step S2, the sleep_timel and the
sleep_time2, which are the idle periods respectively corre-
sponding to the Tx sleep mode and the TRx sleep mode, are
notified from the OLT 1 to the ONU 104 1s explained. Notice
of the sleep_timel and the sleep_time2 can be given by using

the SLEEP_ALLOW message as in the examples shown in
FIGS. 23 and 24.

After the ONU configuration at Step S2, the OLT 1 trans-
mits a SLEEP_ ALLOW (Sleep_allow) message to the ONU
(1) (the ONU 10a-1) to allow the ONU to shift to the power

saving mode. It 1s assumed here that the ONU 10a-1 can
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support both the Tx sleep mode and the TRx sleep mode. The
OLT 1 transmits a SLEEP_ALLOW message informing that
the ONU 10a-1 can shift to any of the Tx sleep mode and the
TRx sleep mode to the ONU 10a-1.

The power-saving-mode selection unit 18 of the control
unit 11a 1 the ONU 10a-1 determines that the ONU 10a-1
shifts to the power saving mode when uplink data 1s equal to
or less than a certain value. The power-saving-mode selection
umit 18 refers to the database in the power-consumption-
information storage umt 17 (Step S75) to obtain power con-
sumption based on the “idle period/transient operating time”
and the database for each power saving mode, and selects a
power saving mode based on the obtained power consump-
tion (Step S7¢). By selecting a power saving mode having low
power consumption, a power saving mode having a high
power saving eflect can be set. It 1s assumed here that the
transient operating time (I_AWARE) 1s set as a fixed value
regardless of the power saving mode. Accordingly, the “idle
period/transient operating time” for each power saving mode
can be obtained by the sleep_timel and the sleep_time?2,
which are the 1dle periods respectively corresponding to the
Tx sleep mode and the TRx sleep mode. When the transient
operating time 1s different for each power saving mode, the
transient operating time corresponding to each mode can be
used at the time of calculating the “idle period/transient oper-
ating time”.

As explained 1n the third embodiment, when the 1dle peri-
ods respectively corresponding to the optical transmitter 141
and the optical receiver 142 are to be set, for example, power
consumption in the Tx sleep mode and the TRx sleep mode
can be obtained 1n the following manner. A power consump-
tion characteristic of the optical transmitter 141 and a power
consumption characteristic of the optical recerver 142 with
respect to the “idle period/transient operating time” are
obtained, mstead of the power consumption characteristics
200 and 201 for each power saving mode shown 1n FIG. 27,
and power consumption in the Tx sleep mode 1s obtained
based on the 1dle period and the transient operating time for
the uplink, and the power consumption characteristic of the
optical transmitter 141. For the TRX sleep mode, power con-
sumption Pw1 1s obtained based on the 1dle period and the
transient operating time for the uplink, and the power con-
sumption characteristic of the optical transmitter 141, and
power consumption Pw2 1s obtained based on the idle period
and the transient operating time for the downlink, and the
power consumption characteristic of the optical recerver 142,
and a sum total of the Pwl and Pw2 1s specified as power
consumption in the TRx sleep mode.

After selecting the power saving mode, the ONU 10aq-1
transmits a SLEEP_ACK (Sleep_Ack) message in which
information indicating a shiit to the selected power saving
mode 1s stored to the OLT 1, and shiits to the selected power
saving mode. For example, when a ratio between the idle
period and the transient operating time (“idle period/transient
operating time™’) in the Tx sleep mode 1s 10, and a ratio
between the 1dle period and the transient operating time 1n the
TRx sleep mode 1s equal to or less than 1, because the power
saving effect 1s higher 1n the Tx sleep mode than selecting the
TRx sleep mode, the Tx sleep mode 1s selected. FIG. 28 1s an
example of selecting the Tx sleep mode, and after transmiut-
ting the SLEEP_ACK message, the ONU 10qa-1 shifts to the
Tx sleep mode in which only the transmission side 1s halted.

In the above example, an example 1n which after receiving,
a SLEEP_ALLOW message from the OLT 1, the ONU 10a-1
selects the power saving mode 1s shown. However, 1n the
configuration at Step S2, after having received the sleep_
timel and the sleep_time2, the ONU 10a-1 can select a power
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saving mode. Selection of the power saving mode can be
performed (Steps S7b and S7¢) every time the SLEEP_AL-

LOW message 15 recerved. However, the ONU 10a-1 can
store the selection result, and uses the stored selection result
of the power saving mode until a reconfiguration 1s per-
formed. When the reconfiguration 1s performed, i1 there 1s a
change 1n the “idle period/transient operating time” ratio of
the power saving mode, selection of the power saving mode
(Steps S7b and S7¢) can be performed.

Regarding the power consumption characteristic shown in
FIG. 27, when a characteristic such as a secular change can be
ascertained, power consumption can be obtained by taking
the secular change 1nto consideration. Because the power
consumption characteristic generally depends on tempera-
tures as well, by storing temperature dependency of the power
consumption characteristic in a database, and providing a
temperature monitor 1n the ONU 10a-1, power consumption
can be obtained by using the “idle period/transient operating
time” and a measurement result of the temperature monitor
and referring to the database.

In the above example, the ONU 10a-1 selects the power
saving mode. However, the OLT side can select the power
saving mode. FIG. 29 1s a configuration example of the PON
system 1n which the OLT selects the power saving mode
based on power consumption. The PON system in FIG. 29

includes an OLT 1a (a master station) and ONUs 105-1 to
106-3. The ONUs 1056-1 to 10-35 are the same as the ONUs
10-1 to 10-3 according to the first embodiment except for a
teature that the power-consumption-information storage unit
17 1s added to the ONUs 10-1 to 10-3 according to the first
embodiment. The OLT 1a 1s same as the OLT 1 according to
the first embodiment except for a feature that a power-con-
sumption-information storage unit 8 1s added and a control
unit 2a 1s provided instead of the control unit 2. The control
unit 2a includes a power-saving-mode selection unmit 9.

The power saving characteristic of the ONU 1s expressed
by a value depending on implementation of the ONU and thus
the ONU 10a described above stores therein the power con-
sumption characteristics. However, the OLT 1a can store the
power consumption characteristic for each power saving
mode of each ONU 1056. The OLT 1a according to the present
embodiment stores the power consumption characteristic for
cach power saving mode of each ONU 105 in the power-
consumption-information storage unit 8 as a database. The
database can be set by a manufacturer or the like of the ONU
105, or the ONU 1054 can transmit information to be stored 1n

the database. When the database of the OLT 1a 1s set by the
manufacturer or the like of the ONU 1054, the ONU 105 does
not need to mnclude the power-consumption-information stor-
age unit 17, and can have the same configuration as that of the
ONU 10.

FIG. 30 1s a sequence diagram depicting an example of a
power-saving-mode setting procedure when the OLT 1a
selects a power saving mode. An example 1n which the ONU
(1) (the ONU 105-1) transmits information to be stored 1in the
database to the OLT 1a1s shown below. It 1s assumed here that
the ONU 105-1 can support both the Tx sleep mode and the
TRx sleep mode.

As 1n the example shown 1n FIG. 28, after Steps S1 and S2,
the OLT 1a transmits a SLEEP_ALLOW message to the
ONU 105-1, and the ONU 1056-1 reters to the database 1n the
power-consumption-information storage unit 17. The ONU
106-1 reads all pieces of mformation (power consumption
information) in the database (Step S75). The ONU 105-1
transmits the read database information (power consumption
information) to the OLT 1a.
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The power-saving-mode selection unit 9 1in the OLT 1a
stores the recerved power consumption information as a data-
base 1n the power-consumption-information storage unit 8,
and selects a power saving mode based on the “idle period/
transient operating time” of the ONU 1054-1 and the database
(Step S7e). The power-saving-mode selection unit 9 transmuits
a SLEEP_ALLOW message indicating that the selected
power saving mode 1s allowed to the ONU 1054-1, and the
ONU 10b-1 shifts to the power saving mode allowed by the
SLEEP_ALLOW message from the OLT 1a, after transmit-
ting a Sleep_Ackmessage. FIG. 30 1s an example 1n which the
Tx sleep mode 1s selected. Transmission of the database infor-
mation from the ONU 1054-1 needs only to be performed at
least once after connection between the ONU 105-1 and the
OLT 1a, and a transmission timing 1s not limited to the
example shown in FIG. 30. Transmission can be performed 1n
the ONU configuration at Step S2.

As described above, according to the present embodiment,
a more elfective power saving mode 1s selected based on the
power consumption characteristic for each power saving
mode of the ONU. Accordingly, the power saving elfect can
be increased.

INDUSTRIAL APPLICABILITY

The present invention 1s suitable for a communication
method and a communication system that require power sav-
ng.

REFERENCE SIGNS LIST

1, 1a OLT

2, 2a control unit

3, 13 reception butfer

4, 12 transmission builer

5, 14 optical transmitter and receiver
6 WDM

7 PHY
8, 17 power-consumption-information storage unit

9, 18 power-saving-mode selection unit
10-1 to 10-3, 10a-1 to 104-3, 1056-1 to 1056-3 ONU

11, 114 control unit

20-1, 20-2 terminal

30 optical fiber

40 splitter

51,142,161-1,161-2 Rx
52,141,162-1,162-2 Tx

200, 201 power saving characteristic

The invention claimed 1s:

1. A user-side communication device that communicates
with a station-side communication device based on a control
signal transmitted from the station-side communication
device, the user-side communication device comprising:

a receiver that receives a control signal related to a power
saving operation from the station-side communication
device, and can shift to a power saving state where power
consumption 1s reduced by halting a part or all of a
receiving function;

a transmitter that transmits a transmission signal to the
station-side communication device and can shiit to a
power saving state where power consumption 1s reduced
by halting a part or all of a transmitting function; and

a controller that controls the transmitter 1n a first power
saving mode 1n which the transmuitter shifts to the power
saving state 1n a first power saving period based on the
control signal and controls the recerver and the transmiut-
ter in a second power saving mode in which the receiver
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and the transmitter shift to the power saving state 1n a
second power saving period based on the control signal,

wherein the first power saving period 1s different from the
second power saving period, and

the controller intermittently stops power supplied to the
transmuitter in the first power saving period based on the
control signal received by the receiver, and 1ntermait-
tently stops power supplied to the transmitter and the
receiver 1n the second power saving period based on the
control signal received by the receiver.

2. The user-side communication device according to claim

1, wherein

the first power saving period 1s set corresponding to the first
power saving mode and the second power saving period
1s set corresponding to the second power saving mode.

3. The user-side communication device according to claim

1. wherein

the receiver recerves a first control signal having time infor-
mation of the first power saving period, which 1s a power
saving period in the first power saving mode, and a
second control signal having time information of the
second power saving period, which 1s a power saving,
period 1n the second power saving mode, and

the controller intermittently stops the power supplied to the
transmitter 1n the first power saving period based on the
first control signal recerved by the receiver, and inter-
mittently stops the power supplied to the transmitter and
the recerver 1n the second power saving period based on
the second control signal recerved by the recerver.

4. The user-side communication device according to claim

1, wherein

the first power saving period 1s a power saving period with
respect to the transmitter, and the second power saving
period 1s a power saving period with respect to the
receiver and the transmutter.

5. The user-side communication device according to claim

1. wherein

the controller selectively performs the first power saving
mode and the second power saving mode,

the recerver recetves a first control signal having time infor-
mation of the first power saving period, which 1s a power
saving period in the first power saving mode, and a
second control signal having time information of the
second power saving period, which 1s a power saving
period 1n the second power saving mode,

the controller intermittently stops power supply to the
transmitter based on the first control signal, designating
the first power saving period as an 1dle period, and inter-
mittently stops power supply to the transmitter and the
receiver based on the second control signal, designating
the second power saving period as the power saving
period, and

the controller includes

a consumption-power-information storage unit for storing,
therein, for each ONU, correspondence of a ratio
between the intermittent idle period and a transient oper-
ating time to power consumption for each power saving
mode as consumption power information, when a period
during which the transmuitter 1s transiently operated or a
period during which the transmitter and the receiver are
transiently operated after the power saving period 1s
specified as the transient operating time, and

a power-saving-mode selection unit that obtains power
consumption for each power saving mode based on the
set power saving period, the transient operating time,
and the power consumption information, and selects a
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power saving mode based on power consumption for
cach of the obtained power saving modes.

6. A communication method used 1n a communication
system including a station-side communication device, here-
inafter referred to as an Optical Line Terminal (“OLT”), and
a user-side communication device, heremnafter referred to as
an Optical Network Unit (“ONU”), in which the OLT controls
a first power saving operation of the ONU and a second power
saving operation different from the first power saving opera-
tion, the communication method comprising:

a step at which the OLT transmits a first power saving
period related to the first power saving operation of the
ONU and a second power saving period related to the
second power saving operation to the ONU:;

a step at which the ONU receirves a control signal transmit-
ted from the OLT;

a step at which the ONU determines whether to perform a
power saving operation; and

a step at which the ONU performs the first power saving
operation 1n the first power saving period, and the second
power saving operation in the second power saving
period, depending on the determination result,

wherein 1n the first power saving operation, a transmitter of
the ONU operates 1n a power saving state,

in the second power saving operation, the transmitter and a
receiver ol the ONU operate 1n the power saving state,

the first power saving period 1s different from the second
power saving period, and

power supplied to the transmitter in the first power saving
period 1s intermittently stopped based on a first control
signal received by the receiver, and power supplied to the
transmitter and the recerver 1n the second power saving
period 1s intermittently stopped based on a second con-
trol signal recerved by the recerver.

7. The communication method according to claim 6,

wherein

the first power saving period 1s longer than the second
power saving period.

8. The communication method according to claim 6, fur-

ther comprising

a step at which the OLT transmits a first operation period
related to the first power saving operation of the ONU
and a second operation period related to the second
power saving operation to the ONU.

9. The communication method according to claim 8, fur-

ther comprising:

a step at which the ONU or the OLT stores therein, for each
ONU, correspondence of a ratio between the first or
second power saving period and the first or second
operation period to power consumption for each power
saving mode, as consumption power information;

a step at which the ONU or the OLT obtains power con-
sumption for each power saving mode based on the set
first or second power saving period, the set first or sec-
ond operation period, and the power consumption infor-
mation, and selects a power saving mode based on power
consumption for each of the obtained power saving
modes; and

a step at which the ONU performs the selected power
saving mode.

10. A control device of a station-side communication
device connected to a user-side communication device, here-
mafter referred to as an Optical Network Unit (“ONU”),
including a receiver that can shift to a power saving state
where power consumption 1s reduced by halting a part or all
of a receving function, and a transmitter that can shift to a
power saving state where power consumption 1s reduced by
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halting a part or all of a transmitting function, via a line to
control an operation of the ONU, wherein

the control device generates a control signal for controlling

a power saving operation of the ONU by specilying a
first power saving period with respect to a first power
saving mode 1n which the transmuitter shifts to the power
saving state and by specilying a second power saving
period with respect to a second power saving mode in
which the transmitter and the recerver shift to the power
saving state, the second power saving period being dif-
ferent from the first power saving period,

the control device generates the control signal which

causes a supply of power to the transmitter 1n the first
power saving period to be intermittently stopped based
on the control signal which has been received, and
causes a supply of power to the transmitter and the
receiver 1n the second power saving period to be inter-
mittently stopped based on the control signal which has
been recerved.

11. A station-side communication device connected to a
user-side communication device via a communication line,
the station-side communication device comprising:

an OLT controller being the control device according to

claim 10; and

an OLT transmitter that transmaits the control signal gener-

ated by the OLT controller to the user-side communica-
tion device.

12. The station-side communication device according to
claim 11, further comprising

a storage unit that stores, as a plurality of idle periods,

therein the first power saving period and the second
power saving period.

13. The station-side communication device according to
claim 12, wherein

the OLT controller generates a first control signal for inter-

mittently stopping power supply to the transmitter of the
user-side communication device during the first power
saving period and a second control signal for intermat-
tently stopping power supply to the transmitter and the
receiver of the user-side communication device during
the second power saving period.

14. The station-side communication device according to
claim 13, wherein

the OLT controller specifies, as a threshold, a downlink

delay time at which power consumption by the first
power saving mode 1 which power supply to the trans-
mitter of the user-side communication device 1s inter-
mittently stopped and power consumption by the second
power saving mode 1n which power supply to the trans-
mitter and the recerver of the user-side communication
device 1s intermittently stopped in the second power
saving period become equal to each other, and when an
acceptable downlink delay time 1s less than the thresh-
old, the OLT controller determines the first power saving
mode as the power saving mode of the user-side com-
munication device, to generate the first control signal.

15. The station-side communication device according to
claim 14, wherein

the OLT controller generates a third control signal having

time mformation of the first power saving period and a
fourth control signal having time information of the
second power saving period.

16. The station-side communication device according to
claim 11, wherein

the OLT controller inserts, into the control signal, the first

power saving period as an 1dle period with respect to the
transmitter of the user-side communication device and
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the second power saving period as an idle period with
respect to the receiver and the transmuitter of the user-side
communication device.

17. The station-side communication device according to

claim 11, wherein

the OLT controller inserts, into the control signal, a tran-
sient operating time 1n a period during which the user-
side communication device transiently operates the
transmitter or the receiver of the user-side communica-
tion device aiter the first power saving period 1n the first
power saving mode or the second power saving period in
the second power saving mode.

18. The station-side communication device according to

claim 17, further comprising:

a power-consumption-information storage unit that stores
therein, for each ONU, correspondence of a ratio
between a power saving period and the transient operat-
ing time to power consumption for each power saving
mode as consumption power information; and

a power-saving-mode selection unit that obtains power
consumption for each power saving mode based on the
set power saving period, the set transient operating time,
and the power consumption information, and selects a
power saving mode based on power consumption for
each of the obtained power saving modes.

19. The station-side communication device according to

claim 11, wherein

when the OLT controller acquires capability information
of the user-side communication device and performs
communication setting 1n a communication protocol on
the communication line, the OLT controller transmits
the control signal to the user-side communication device
by specilying the first power saving period or the second
power saving period therein, and

when the OLT controller allows the user-side communica-
tion device to perform the first power saving mode or the
second power saving mode after communication based
on the communication setting 1s started, the OLT con-
troller transmits a permission signal to the user-side
communication device.

20. A communication system comprising;:

the station-side communication device according to claim
11; and

the ONU,

wherein the ONU includes an ONU controller that receives
the control signal via the receiver to selectively perform
the first power saving mode and the second power saving
mode based on the control signal.

21. The communication system according to claim 20,

wherein

the OLT controller specifies the first and second power
saving periods and transmits the first and second power
saving periods to the ONU as the control signal, at a time
of acquiring capability information of the ONU and
performing communication setting in the communica-
tion line, and

in the communication setting, the ONU controller stores
therein the first and second power saving periods, and
when the first power saving operation or the second
power saving operation 1s to be performed after perform-
ing the communication setting, the ONU controller
selects a power saving period corresponding to the
power saving operation to be performed from the first
and second power saving periods, and controls the
power saving period according to the selected power
saving period.
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22. The communication system according to claim 21,
wherein the first power saving period 1s longer than the sec-
ond power saving period.

23. The communication system according to claim 21,
wherein

cach of the first and second power saving periods 1s deter-

mined based on a delay time generated 1n a correspond-
Ing power saving operation and power consumption
reduced by the power saving period.

24. The communication system according to claim 20,
wherein

the ONU controller selectively pertorms a first power sav-

ing mode 1 which the user-side transmuitter 1s intermait-
tently halted, designating the first idle period as an inter-
mittent 1dle period, and a second power saving mode 1n
which the user-side transmitter and the user-side
receiver are imtermittently halted, designating the sec-

ond 1dle period as the intermittent 1dle period,

the ONU 1ncludes

a consumption-power-information storage unit for storing,
therein correspondence of a ratio between the intermait-
tent 1dle period and a transient operating time to power
consumption for each power saving mode, as consump-
tion power information, when a period during which the
user-side transmitter 1s transiently operated or a period
during which the user-side transmitter and the user-side
receiver are transiently operated after the intermittent
idle period 1s designated as the transient operating time,
and

a power-saving-mode selection unit that obtains power
consumption for each power saving mode based on the
set intermittent idle period, the transient operating time,
and the power consumption information, and selects a
power saving mode based on power consumption for
cach of the obtained power saving modes, and

the communication system performs the power saving
mode selected by the power-saving-mode selection unit
and notifies the OLT of the selected power saving mode.

25. The communication system according to claim 20,

wherein

the ONU controller selectively performs a first power sav-
ing mode 1n which the user-side transmitter 1s intermat-
tently halted, designating the first idle period as an inter-
mittent 1dle period, and a second power saving mode in
which the user-side transmitter and the user-side
receiver are intermittently halted, designating the sec-
ond 1dle period as the intermittent 1dle period,

the OLT includes

a consumption-power-information storage unit for storing,
theremn, for each ONU, correspondence of a ratio
between the mtermittent 1dle period and a transient oper-
ating time to power consumption for each power saving
mode as consumption power information, when a period
during which the user-side transmitter 1s transiently
operated or a period during which the user-side trans-
mitter and the user-side receiver are transiently operated
alter the intermittent idle period 1s designated as the
transient operating time, and

a power-saving-mode selection unit that obtains power
consumption for each power saving mode based on the
set intermittent idle period, the transient operating time,
and the power consumption information, and selects a
power saving mode based on power consumption for
cach of the obtained power saving modes, and

the OLT notifies the selected power saving mode to the

ONU, and
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the ONU performs the power saving mode notified from

the OLT.

26. The communication system according to claim 25,
wherein

the power consumption information 1s transmitted fromthe

ONU to the OLT.
277. A control device provided 1n a user-side communica-
tion device including a recerver that receives a control signal
related to a power saving operation from a station-side com-
munication device and can shift to a power saving state where
power consumption 1s reduced by halting a part or all of a
receiving function, and a transmitter that transmits a trans-
mission signal to the station-side communication device and
can shift to a power saving state where power consumption 1s
reduced by halting a part or all of a transmitting function,
wherein
the control device controls the transmitter 1n a first power
saving mode 1n which the transmuitter shifts to the power
saving state 1n a first power saving period based on the
control signal and controls the recerver and the transmiut-
ter in a second power saving mode in which the receiver
and the transmitter shift to the power saving state 1n a
second power saving period based on the control signal,

the first power saving period 1s different from the second
power saving period, and

power supplied to the transmitter in the first power saving

period 1s intermittently stopped based on the control
signal recerved by the receiver, and power supplied to the
transmitter and the recerver 1n the second power saving
period 1s 1mtermittently stopped based on the control
signal recerved by the receiver.

28. A control device of a station-side communication
device connected to a user-side communication device, com-
prising a receiver and a transmitter, via a line to control an
operation of the user-side communication device, wherein

the control device generates a control signal for controlling

a power saving operation of the user-side communica-
tion device by specifying a first power saving period
with respect to a first power saving mode 1 which a
transmission function of the user-side communication
device shifts to the power saving state and by specifying
a second power saving period with respect to a second
power saving mode 1 which the transmission function
and a receiving function of the user-side communication
device shift to the power saving state, the control signal
comprising information of the first power saving period
and information of the second power saving period,
the control signal causing a supply of power to the trans-
mission function in the first power saving period to be
intermittently stopped based on the control signal which
has been received, and a supply of power to the trans-
mission function and the recerving function 1n the sec-
ond power saving period to be mtermittently stopped
based on the control signal which has been recerved.

29. A control device of a user-side communication device
comprising a recerver that receives a control signal related to
a power saving operation from a station-side communication
device, and a transmuitter that transmits a transmaission signal
to the station-side communication device, wherein

the control device imntermittently powers down a transmis-

sion function of the user-side communication device in a
first power saving mode 1n which the transmission func-
tion shifts to the power saving state 1 a first power
saving period based on the control signal and intermat-
tently powers down a receiving function and the trans-
mission function of the user-side communication device
in a second power saving mode in which the receiving
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function and the transmission function shitt to the power
saving state 1n a second power saving period based on
the control signal, the control signal comprising infor-
mation of the first power saving period and information
of the second power saving period. 5
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